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frtr.  f.  .        This- plan  of  instruction,  study  guides,  andt  workbooks 

tor  J  .fa-ondary-postsecondary-level  course  ir  refrigeration*  and'  iir 
conditioning  are  one  of  a  number  of  illitary-deveioped  curriculan 
packages  selected  for  adaptation  to  vocational  instruction  and 
^curriculum  development  ha  civilian  setting   It  is  the  third  section 
•of  a  three-part  c^se  (see  Note  for  other  sections)  intended  to 
tram  students  in  identification,,  location,  function,  installation, 
operational  checking,  servicing,'  repair ,  and  maintenance  of 
refrigeration  ana,  air  conditioning  systems.  Dealing  specifically  with 
special  refrigeration  systems,  water  conditioning,  a'bsorption  d? 
conditioning  <AC).,  ACk  controls,  AC  equipment,   and  evaporative  cooliro 
systems,   t  his -.section  contains  four  blocks  covering  26-9.5  hours  of 
instruction:  Special  Sef riger ation  System,  Cooling  Towers,  later 
PQmps,  Katfer  Conditioning,  and. Ab sorption' AC  System   (5  lessonsK:  AC 
-Controls;   (Wessons)  :  AC  (7  lessons!  5. 'ana  evaporative  Coolinq 
Systems  (1   lesson).   The  plan,  of  instruction  contains  an  outline  of 
the  teaching  steps,   criterion  obiectives,  lesson  'duration, 
correlation,  of  .tasks  wit  h*  a  training  standari,  and-  support  materials' 
and  guidarfce.  /Student  materials  include  eight  study  guides  with  text 
information,  objectives,  review,  exercises,  and  references  and  eight 
worjboocs  w£th  p  erff  or  man  ce  exercises,  trommercia'l  texts,  military- 

aids  are  suggested,,  but  not 
proviiei.   Materi als . lay  be  adapted-for  individualized  instruction  or 
presented  in  a  group  setting.  ftLBV 


Military  Curricula 
for  Vocational  &  ft 
Technical  Education 


M1iONAL  (NSTITUT£  0*= 
fc'  OUC  AT  lOW 

f.*..      tOC     VfN'     HAS'  BiW-^^00' 

J,  o.'l  ■C'^A  NAT*  ON  AL  fNST»TU?r  L* 
!  fV,;(  At. ON  Pt)VMQN  0«  ^OuC* 


RtFRIGERAT  ?  ON  AND  AIR  * 
CONDITIONING  SPECIALIST 

BLOCKS  VI  -  IX 


F\  FOR  RESEARCH  IN  VOCATIONAL  EDUCATION 

\J\    ^/  THE  OHtO  STATTUISfiVERSfTY, 


•; 1  '•  ■ 

•    •  . ,.  * 


X 


V 


•i'.'s"; 
•A 


''V.!'.;- 


KLC 


This  military  technical  training  course  has  been  selected  and  adapted^by 
The  Center  for  Vocational  Education  for  "Trial  Implementation  of  a  Model  System* 
to  Provide  Military  Curriculum  Materials,  for  Use  in  Vocational  and  Technical 
Education,"  a  project*  sponsored  by  the  Bureau  of  Occupational' 
U.S.  Department  of  Health,  Education,  and  Welfare.*. 
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MILITAPY  CURRICULUM  MATERIALS    .  .  '  - 

4 

The  mi  li  tary-deve  loped  curriculum  materials  in  this  course 
padcage  were  selected*  by  the  National  Center  for  Rbsearch  in 
Vocational  Education  "Military  Curriculum  Project  for  dissem-  / 
inatibn  tp  the  six  regional  Curriculum  C^rdination  Centers  and 
other  instructional  inaterials  agencies .  -^TSie  purpose  of. 
disseminating  these  oours^e  was  to  make  curriculum  materials 
developed  by  the  military  jnore  acc^^sibie  to  vocational  / 
educators  in  the  civiliarT  setting. 

The  course  materials  vrere  acquired,  evaluated  by  project 
staff  $nd  practitioners  in  the  fields  find  prepared  for  ' 
dissemination.    Materials  Wiiich  were  specific  to  the  nilitary 
were  delated,  copyrighted  ^materials  were  either  emitted  of  appro: 
val  for  their  use  was  obtained.    These  course  packages  contain 
curriculum  resource  materials  which  can  be  'adapted to  support 
vocational  instruction  and  curriculum  development  • 
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The  National  Center 
Mission  Statement 


The  National  Center  for  Research  1n  * 
Vocational  Education's  mission  is  to  increase 
the" ability  of  diverse  agencies,  institutions, 
and  organizations  to  solve  educatiorj^l  prob- 
lems relating  to  individual  career  planning, 
preparation,  and  progression.  The  National 
Center  fulfills  its  mission  b^; 

*  Generating  knowledge  through  research 

*  Developing  ediKationafjtograms  and 

products  j 

*  Evaluating  individual  ptagram  needs 
and  outcomes  /  v 


nstalling  educationa^pj^rams  and 
products   *  i  *v 


•  Operating  information  systems  and 
slices  * 

» 

•  Conducting  leadership  development  and 
training  programs 

FOR  FURTHER  INFORMATION  ABOUT 

Military  Curriculum  Materials 
WRITE  OR  CALL 

Program  Information  Office  - 

The  National  Center' for  Research  in  Vocational 

Education 
The  Ohio  State  University 
1960  Kenny  Roa*  Columbus,  Ohio  43210 
Telephone:  614/486-3655  or  Toll  Free  800/ 
,         848-4815  within  the  continental  U.S. 
(except  Ohio) 
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Vocational  and 
Technical  Education 
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Ser  vices  division 
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What  Materials 
Available? 
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art  activity  <o  increase  the  accessibility  of. 
mifitary<Jeveloped  curriculum  materials  to 
vocational  and  technical  educators. 

This  project,  funded  by  the  U.S.  Offide  of 
"Education,  includes  the  identification  and  - 
acquisition  of  curriculum  materials  in  print  . 
form  from  the  Coast  Guard,  Air  Force, 
Army,  Marine  Corps  and  Navy. 

if 

Access  to  military  curriculum  materials  is 
,  provided  through  a  "Joint  Memorandum  of 
UrKjerstandiog''  betweeh  the  U.S.  Office  of 
Education  06  the  Department  of  Defense, 

•The  acquired  materials  are  reviewed  by  staff 
and  subject  matter  specialists,  ?nd  courses 
deemed  applicable  to  vocational  and  tech- 
nical education  are  selected  for  dissemination. 

The  National  Center  for  Research  in 
Vocational  Education  is  the  U.S.  Office  of 
Education's  designated  representative  to 
t  acquire  the  materials  and  conduct  the  project 
activities.  b 


Project  Staff: 


Wesley  E.  SuditffPfi.D.,  Director 
National£dhter  Clearinghouse 

Shirley  AfChase,  Ph.D, 
Project  Director 


Or^  hurid red  twenty  courses  on  microfiche 
(thirteen  in  paper  forrnj  and  descriptions  df 
each  have  been  provided  to  the  vocational 
Curriculum  Coordination  Centers  and  other 
instructional  materials  agencies  for  dissemi- 
'  nation.  ^ 

i 

Course  materials  Include  programmed 
instryction^urrfculMm  outlines,  instructor 
guides,  student  workbooks  and  technical 
manuals. 

,  The  120  courses  represent  the  following 
sixteen  vocational  subjeet  cfifeas;*" 


Agriculture 
Ration 
Building  & 

Construction 

T  cades  *  * 
Clerical 

Occupations 
Communications 
Drafting 
Electronics 
Engine  MecHanios 


Food  Service 
Health 

Heating  &  Air 
Conditioning 
Machine  Shop 
Management  & 
Supervision 
Meteorology  & 

Navigation 
Photography 
Public  Setvia 


The  number  of  cdwrses  and  the  subject  areas 
represented  will  expamias  additional  mate- 
rials with  application  to  vocational  and 
technical  education  are  identified  and  selected 
for  dissemination. 
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How  Can  These 
Materials  Be 


Contact  ihe  Curriculum  Coordination  Center 
in  your  rep  ion  ^or  information  on  obtaining 
materials  (e.g.,  availability  and  cost).  They 
will  respond  to  your  request  directly  or  refer 
you  to  an  instructional  materials  agency 
closer  to  you.  / 
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That  tft  tint  thita  section  of  a  three-part  course  on  refrigeration  and  air  conditioning.  The  course  train*  students  in  identification,  location,  function, 
installation,  operational  cfteckirt^  servicing,  reoair  and  rneintenancr  of  refrigeration  and  air,conditiontng  systams.  This  section  deals  specifically  wan 
special  refrigeration  systems,  water  conditioning,  absorption  air  conditioning,  afr  conditioning  controls,  air  conditioning  equipment.  andevapor  euve  , 
cooling  system*.  It  contains  four  &ocm  covering  269,5  Hours  et  instruction. 

Block  VI       -       Satcm  fitfrigtrsaon  System,  Casting  To**rx.  Wsttr  Punyte,  rVefer  Conditioning,  *ntt  Absorption  Atr  Cen&vantng  Syirem  contains 
/  f«*t  leiipns  covering  77  hours  or  instruction.  The  lesion  topics  and  respective  noun  fottbw 

•  r   -  '  < 

Multiple  Refri^eri^ion  System*  (24  hours*  j> 
CoolinQ  Towers  !3  hours!  *  ~+ 

W.iter  Pump*  <6:5  hour!)  * 
Water  Conditioning  { 1 2,5  hcu*-J  ** 
Absorption  Au  Condit'onina  Sys^m  423  hours} 

^fock  VII  «  -       At^Contfttiomng  Controls  has  five  iessoasjvijtfi,7.S-^>ef^-o^  mstrucrron-,     

Air  Compressing  Equipment  {2  hour*} 

Pneumatic  Controls  (34.5  hours*   •  % 
Electrical  Control*  f  22  hours)         '  * 
Electronic  Controls  16.5  noyii) 

V  *  ' 

^iock  Vfll     -       ^/r  Conditioning  contains  seven  lessons  covering  1 13.5  nours  of  instruction. 

Air  Conditioning  Equipment  t21  hours) 

Air  Mow  Instruments  49  5  nour;?   .  t 
Pi yeni 0.n<itnu4  *S  "-O s) 
H<*jt  JJumos  14  r-cuji  si 

f^jLkaqi  Air  Co^Jition-fr  ;4  ,*c;ursi  •  .  . 

t.  Direct  Expansion  Ad  Condmonn*g  Systems  130.5  hours)  -  .  ^         — .     ;  ' 

I nd»r*»ct  Exoansion  Atr  ConottsAning  Systems  (36.5  hours)  ^ 

B*ock  IX       -       fyjparjttve  Cooing  Systems  contain  one  lesson  on  the  topic  covering  4  hours  of  instruction    T^rc*?  JCtM.on  lessoni  covering 

^^mfr,un.c3t»ons  Hjcunty,  maintenance  management,  and  military  publication  5 were  deleted  Decnuss^ney  ^re  unsuitable  tor  voc^tio^el 
program  use,  v- 

This  section  contains  both  teacher  and  student  materials.  Printed  instructor  materials  include  a  plan  of  instruction  detailing  the  teaching  steps  by  units  of 
instruction,  criterion  objectives,  the  duration  of  the  lessons,  correlation  of  tasks  vvith  a  training  standard*  and  support  materials  and  guidance  Student 
materials  .nciude  eight  study  guides  with  text  information,  objectives,  review  exercise*  and  references;  and  eight  workbooks  with  performance  t'nefCisa*. 

*  *• 
Text  information  is  provided  <5  the  student  study  guides,  ho*vever.  several  commercial  texts  and  military  tecftftrcai  manuais  are  referenced.  Audiovisual 
aids  suggested  for  use  in  the  entire  three  part  coursf  indude  IS  films,  29  transparency  sets  and  29  charts.  The  materials  in  this  section  can  be  adapted 
for  individuated  instruction  or  printed  in  a  group  setting  for  course*  on  refrigeration,  air  conditioning  and/or  ^eating. 
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T:*E  AIR  FORCE  PLAN  OF  DESTRUCTION  3AER54530 

•:\-ri  ..j respit  e  Sciences  (ATC)  *  *PDS  Code  ATA) 

3~s*.  Texas j76311        •  *  16  January' 107S 


FOREWORD 


"'•is  *:e'. I'icatien  '.s  the  plan  o£  instruction  (POL  when  the  pages  shown 
-.r.tj  a  smclc  ciccumerA   The  PCi  prescribes  the  qualitative  •  . 
..;:•«?•?  Number  2  A3  R5  4520,  Reprice  rat  ion  and  Air  Conditioning  • 
r:n/S      :rit erion.  objectives  and  teaching  steps  presented  by  units  > 
.'.  s.-.cv.- .5  duration.,  correlation  with  the  training  standard,  and 

ruidance.   sV^en  separated  into  units  of  mstm?uon.  it  becomes 
•    '     .  .7:?;  ■■•■:.■}  .-.eve.o^ed  under  Lie  provisions  oi.ATCR- 

'v:,  .r.d  AT  CR  52-7,  Plans-of  Instruction  and 


T . : .  '  DESCRIPTION.   The  instructional  design" for  this  course  is 
:.   The, course  trains  airmen  to  perform rdlities  prescribed  in  AFM- 
•'izi:?.  or:  W  Conditioning  Specialists,  AFSC  54530.  Training 
•.  A>I  -m  hi  ic  miens  and  forms,  and  commercial  manuals  related 
..  'unction,  installation,  operational  checking!  servicing, 

.  :-".r,eo     refrigeration  and 'air.  conditioning:  systems/  The  course  ■ 
.jr  -•...'.-.•sis  and  conditioning.  In  addition,  related  training  is 
m,  troop  information  program,  commander'^  call/  . 


Z  -  '  " -7V.ZNT.   The  number  shown  in  parentheses  after  equipment 
:r  ;  0 ::. : .;. nor.:  ur.oler  SUPPORT  MATERIALS  AND  GUIDANCE  is  the 
-  .-;  s  iss:  me.c  to  each  equipment  unit,  ■ 

•  ,  • 

;'T:.  T'::.j  man  c:  instruction  is  based  on  Specialty  Training  Standard, 
■T>J;  -372,  and  Course  Chart  3ABR54530,  15  January  1976. 


.:  /.-.TON .  Cei,  USA? 
Vil  Engineering  Training 


f 


.     5-jce'r?er.TS  Phr.  "cf  Instruction  3ABR54530,  15  August  1973 

C?R:  Impairment  of  Civil  Engineering- Training 

^ISTRIBuTIOX:  Listed,  on  page  A  ■■ 

o  14  ' 
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on  .and  Air 


oiling  " 


/-v   Specialist  A  '  ■ )  J       -  j 

73       .j^i^r Refrigeration  System,  Cb6UngTe*j*s,  Water  Pump* 


.1 .  Multiple  Refrigeration  Systems 
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si 
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a.  Osing  assigned  trainer, service,  adjust  and  operate  a  single 
temperature  multiple  evaporator  system  to  conditions  specified  in 
workbook.  STS:  10e(6),  12a,  12c,  14a,  14e,  14i^  14k,  15a(2), 
15a(3),  16a,  16c,  16f,  17a(9),  17c(4).  Meas:  W,  PC     \,  t 


(1)  Application 

(2)  Major  components 

(3)  Principles  of  operation-  • 


id**  { 


> 


24 
(18/6) 
Day  46 
thru  48 

•  (6/2) 
Day  46 

y 


'"V 


I 

*  b.  Using  assigned. trainer,  service,  Adjust  and  operate  a  solenoid 
vaive  multiple  evaporator  system  ✓to  conditions  specified  in  workbook. 
STSv  10e(2)(d).  10e(6),  12a,  12c,  14a,  14e,  14i,  14k,  15a{2),- 
15a(3),  16a,  16b,  16c,  16f,  17a(9V  17c{4).  Meas:  W^PC" 


e 


1}  Applications  \^ 

i  * 

(2f  Solenoid  valves  *   v*  « 

(3)  Major  components  in  solenoid  valve. system 

•  (4)  Principle  of  operation 

^c^  Using  assigned  trainer,  service,  adjust  and  operate  an 
evaporator  pressure  regulator  multiple  evaporator  system  to 
conditions  specified  in  workbook.  STS:  12a,  12c,  14a,  14e,  14i, 
14k,  15a(2),  15a<3),  16c,  16d,  .16e,  16f,  17a(9),  17c(4). 
Meas:  W,  PC  1  - 


(3/1) 
Day  47 


(1)"  Applications 
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COURSE  CONTENT 
-T-5J! — ^  2  


\y  vrv*  rv  \:ressur3  rs  arjlator 
p~ 

"  |,Ma*:of  :cn:ponents  in  evaporator  pressure 

v  vr.lv  e  ^ysE^ni 


- 7  i. 


..Principle  of  oneraticn, 

ass ::ned  trainer,  savvies,  adjust  and  operate 
- corr^rrssar  system  ti> .conditions- 'specified  i~ 
STi:  i.3c>'6.\  12a,  tic,  14a,  14e.  'l4i4  14k, 
«  •  tii1'         16c.         17a(9),  170(4; 

i 


r 

t>  p*  * 


\ 


:.iul::ple  compressor  system:  piped  in  parallel 
".r  Applications 

■    ■  V  • 

j    ,*iajor  components  / 
ic    Principles  of  operation 

Temperature  rnn^es  and  problems  encountered  in 

y.;i|.i?le  compressor  system:  piped  in  series 
•a..  Application 
,    b;  Intercooler 
•c^  Subcooler 
4    Multiple  compressor  system:  Cascade 
fa)  Application 

o  )  Flementarv  / ' 
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V  SUPPORT  MATERIALS  AND  IgUIDANCE  * 

^  I,         N  •  •  '  ' 

Student  Instructional  Materials  i 
Sfi  3ABft§453u-Vl-i  thru  -3,  Multiple  Refrigeration  Systems,  Evaporative 

*  Coaling  Towers,  and  Water  Pump 
WB  3ABR54530-V1-HP1,  Single  Temperature  Multiple*  Evaporator  System 
.  \VB  3ABR54530-VI-X-P2,  Solenoid  Valve  Multiple  Evaporator  System 
WB  3ABR5453Q-VI-1-P3,  Evaporator  Pressure  Emulator  Multiple     '  j. 

Evaporator  System  *.  '  .  • 

WB  3 ABR54530-  VI-  1-P4,  Multiple  Compressor  Systems    •  W>  ^ 

*  ''  /  *~ 

Aodio  Visual  Aids  \ 
Transparencies,  Set,  Multiple  Refrigeration  Systems/ 
•    /  v  ,  .  C  \    .  9  'r  > 

Training  Equipment  '        ..."  ■ 

Trainer,  Multiple  Evaporator  Refrigeration  System  <2) 
Trainer,  Multiple  Compressor  System  (12) 
■  Demonstrator,  Solenoid  Valve  (12)        .  , 

Tool  Kit  (2)  **  .  *  ;  , 

*  '•  .' ' 

Training  Methods  .  j 

Discussion/Demonstration  (6- hrs) 

Performance  (12  hrs) 

CTT  Assignment  (6  hrs)  .  '  rt  ^ 

Multiple  Instructor  Requirements 

Safety,  Equipment,  Supervision  (2)  t 

Instructional  Guidance  * 
Electrical  safety  will  be  stressed  and  protective  equipment  wili/be  used 
when  working  on  trainers  to  prevent  injury  to  students.  Outside  Assignment: 
Day  46,  direct  students  to    review  WBs  -VI-1-P1  an*P2;  Day  47,  P3;  Day 
48,  P4. 

MIR:  Two  instructors  are  required  for  H  hours  of  student  performance 
(4  hours  in  Day  46,  4  hours  in  Day  47,  and  3  hours  in  Day  48). 
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(Air  Conditioning 

,  AnlnrnCIQn  Air  t  ^QQQlrlQrilJTg  JSySCcItt 


Cooling  Towers 


Y 


*  a.  Using  the  diagram  in  workbook  correctly  identify  all  com] 
ents  and  trace  the  flow  of  air  and  water  through  a  cooling  tower. 
§TSi  22a     Meas:  W  K       .    '  • 

(X)  Purpose,  of  cooling  towers 
(2)  Natural  draft  cooling  tower  5 
s  t    ia)  Major  components 

s  (b)  Construction  features*  /  ,  j 

■    (3 )~£ Forced  draft  cooling  tower 

*'  (a)  Major  components 

(b)  Cbnst ruction  features'  • 

9  •'•■'/■ 

-b.  Using  materials  provided,  correctly  identify  installation, 
cleaning,  and  maintenance  procedures  for  cooling  towers  and  evapora- 
tive condensers.  Also  determine  bleed-off  and  make-ir.  water 
requirements  to  within  >  5%  of  stated  specifications . 
STS :*  22a,  22b,  ZZL  Meas:  W 

■■r  (1)  Bleed -off  \vater 


8 

(6/2) 
Day  4S 

(2/1) 


i 


(2/0.5) 


XZ)  tyake-up  water 


c.  Using  the  diagram  in  workbook,  identify  the  three  methods  of 
capacity  control  of  a  cooling  tower.  STS:  22a,  22d   Meas;  W 

(1)  Three-way  regulating  valve 


(2/0.5) 


(2)  Temperature  controls 
(S)  Damper  controls 
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,.  •  ■  SUPPORT  MATERIALS  ANQ  GUIDANdE  t 

iftu        I^cructional  Materials 

7:-v-^F.S45SP-VUl  thru  -3,  Multiple  "Refrigeration  Systems,  Evaporative 

C NoUn£T9'.vgrs\  <ancl  Water  Pump  ,       x'' ■']-!■ 

:. ;. 37545 .iO-VT-2-Pl,  3 vaoosative ■  Cooiing'Tower  Components 
-  "   ::7^5::r;w-?-?2,  B  ^ed-CFi  and;  Make-Up  Water  Requirements 
".:  :.*  .7^3":  -',1-2-73,  Evaporative  Cooling  Toiler  Capacity  Control 

*  )       ,  .  '      •  \    ■  • 

i   .....        ,  '  *  n 


p-:  iranofees.  Set.  Cooling  Towers 


Tr^ir.ir-r  Methods5  f  ^ 

".3.:ion/ Demonstration  (4.  5  hrs)  / 


J; 


,<*  —  1  r%  r%  \ 


hrs)- 

'•.usiimmsr*:  (2  hrs^ 


i        c : :  ? z  Qui  -asm  c e  n  _ 

Insure  Ji-aT  s rodents jfe ompiete  work  projects  and  show  students  di  Cerent 
i-rzsi  j:  cooll^?  to,wers  outside  Building  1927.  Outside  Assignment: 
7a  -  -?9.  direct  students  to"   review  WBs  VT-2-P1  thru  P2L*-^ 
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j^ftattfef  rigeration System,  CooUngTowen,  Water  Pumps 


3.  Water  Pumps 


>a.  Usin^ assigned  trainer,  correctly  identify  major  components 
of  a  centrifugal  water  pump  and  state  the  purpose  and  minor 
maintenance  of  each  component.  STS:  23a,         Meas:  W 

....  (1)  AppUd&ifcns.  '  1 


6.5 
[4.5/2) 
Day  50 

(2.5/1) 


(2)  Major  components  and  purpose  of  each 

(3)  Pressure  characteristics  of  centrifugal  pumps 


r 


b.  Using  a  dial  indicator*  align  a  flexible  coupling  on  a 
centrifugal  water  pump  to  conditions  specified  in  workbook. 
STS:  5b,  5d,  23b,  2£c^  23d,  23e,  23f#  Meas:*  W,  PC 

(1)  Installation  and  alignment  -  . 

(2)  Check  operation  of  water  pump 

(3)  Removal  cf  water  pum 

(4)  Repair  of  water  pump 

(5)  Adjust  and  replace  pump  packing 


(2/1) 
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COURSE  CONTENT 


l  SUPPORT  MATERIALS  AND  GUIDANCE 

». .      -  *  >• 

Sturisnt  instructional  Materials 

fO  3A3P.54530-VT-1  thru  -3,  Multiple  Refrigeration  Systems,  EvaporiLtjse 
■    Qoplir.j;  Towsrs,  and  Water  Pumps    ''  " 
""3  •? A3 5*- 5 0 - n- 3 - ?  1 ,  Ideatifi cation  of  Centrifugal  Water  Pump  ; 

J-\3  ;3A3H543cC-VrT--2-P2,  Align  Flexible  Coupling  Using  a  Dial  Indicator- 

•  \   .  *  • 

Transparencies,  Set,  Water  Pump  >' 

V'rwini;  Film:  TVS-56-6,.  Centrifugal  Pump  Maintenance 

Trjajnim;  gcujameni  > 
TrainsT  CentrifugaA  Water  Pump  (12)  - 
Trainer.  Centrifugal  Water  Pump  (4) 

Oial  Ir.a.eator  14  k  ■  > 


ds 


Dis.ci53-.oa  Demonstration  (1.  5  hrs) 
Performance  '2.5  hrs  1 
Trtiinir_r  Film  (0.3  hr'«  5 
CTT  Aisismai-nt  '2  hrs) 

Instrucf.onal  Guidance 

Emphasize  safety  when  working  on  equipment;  watch  out  for  pulleys, 
shafts,  and  belts.   Use  dial  indicators^ with  great  care;. they  are  precision 
instruments.     Outside  Assignment:  (Day  50,  direct  students  to  review  - 

WBs*  VT-3-P1  and  P2.     ^  \ 
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COURSE  CONTENT 


4.  Measurement  Test  and  Test  Critique 


5.  Water  Conditioning 


„  a.  xGiven  a  sample  of  water,  chemically  treat  it  to  prevent 
corrosion  adjusting  the  pH  to  8,  +/-1.  SJS:  24a,  24b,  24c 
Meas:  W,  VC  ' 

\ 

(1)  Laboratory  safety 

i 

(2)  Collection  and  preparation  of  test  samples 

.  v.    (3)  Potential  hydrogen  scale 

■  i  . 

,       (a)  Explanation  of  pH  sca'ie  ' 
Cb)  pH  below,  7:  Acid 
(c)  pH  above  7:  Base 

(4)  Litmus  test 

(5)  P- indicator  test 

(6)  Color  Comparator  test 

« 

(7)  Corrosion 

(a)  Definition 

(b)  Causes  of  corrosion 
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COURSE  CONTINT 


Elects  of  corrosion 


id)  Treatment  and  prevention  of  corrosion 
f  IV  Removal 
(2'  Prevention 

b.   Cirea  a  sample  of  water,  chemically  treat  it  to  prevent  scale  (3/1) 
by  adjust  Lag  the  phosphate  content  to  40,  +  10  ppm.      STS:  24a  Dav  51 


V 


'Jio,  Meas:  V/,  PC 

. )  Definition  "N  " 

(2)  Factors  required  to  form  scale 

(3)  Effects  of  scale   ..  • 
(41  Treatment -and  prevention  of  scale. 

v  Removal  ,  . 
?j  Prevention 
M  •  Phosphate  test 


c.   Given  a  sample  of  water,  chemically  treat  it  to  prevent 
algae  by  adjusting  the  chlorine  content  to  1. 5  to  3  ppm. 
STS:  24a,  24b,  24c.    Meas:  W,  PC  ,  " 

-  (1)  Definition 

(1)  Factors  required  for  the  growth  of  algae 

(3)  Effects  of  algae 

,     (4)  Treatment  and  prevention  of  algae 

*      (3)  Chlorine  test  . 


(2/0.5) 
Day  52 
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Day  52 


d.  Using  a  schematic  correctly  trace  the  flow  of  water 
through  a  water  conditioning  chemical  feeder..  STS:  22C 
Meaa:  W      •    ..  >         1  , 

r 

(1)  Purpose  of  chemical  feeders  t 

(2)  Types  of  chemical  feeders 

4* 

(3)  Installation  and  servicing  chemical  feeders  f 

SUPPORT  MATERIALS  AND  GUIDANCE    ,  4 

Student  Instructional  Materials  '  *v 

SG  3ABR54530-VI-5  thru  -6,  Wat 6 r  Conditioning  and  Absorption 

Air  Conditioning  System 
WB  3ABR54530-VI-5-P1,  Chemically  Treat  Water  for  Corrosion 
WB  3ABR54530-VI-5-P2,  Chemically  Treat  Water!for  Scale 
WB  3ABR54530-VI-5-P3,  Chemically  Treat  Water  for  Algae 
WB  3ABR54530- VI-5-P4,  Identify  Components  of  a  Water 

Conditioning  System  :• 

Audio  Visual  Aids  v 

Transparencies,  Set,  Water  Treatment 

Preharrated  Slides:  ATS  54-21,  Cooling  Water  Treatment 

Training  Equipment 
Color  Comparator  (2) 
Laboratory  Equipment  (2) 

Training  Methods  «  . 

Discussion/Demonstration  (4.5  hrs) 
Performance  (5  hrs) 
CTT  Assignment  (3  hrs) 

Multiple  Instructor  Requirements 
Safety  (2)  ' 

Instructional  Guidance 

Emphasize  chemical  safety  and  wearing  of  protective  clothing.  Caution 
students  concerning  the  handling  of  glassware.  Outside  Assignment:  Bty  51, 
direct  students  to   review  WBs  VI- 5- PI  thru  P3;  Day  52,  P4. 

MIR:  Two  instructors  are  needed  for  4  hours  of  student  performance 

(3  hours  in  Day  51,  and  1  hour  in  Day  52)  «  / 
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^ir^frlwnUU»^^m^  CoolingTowers,  Water  Pumps 


6.  Absorption  Air  Conditioning  System 


/ 


26 
(19/7) 
Days  52 
thru  55 

(2.5/1) 
Day  52 


TIME 


a.  Using  workbook  procedures  and  a  diagram,  identify  major 
components  of  a  lithium  bromide  absorption  air  conditioning  system. 
STS:  20b;  20c,    Meas:  W 

*  * 

(1)  Historical  development  of  absorption  systems 

(2)  Applications  of  the  lithium  bromide  system 

(3)  -  System  characteristics 
>       .(4)  Major  components 

b.  Using  workbook  procedures  and  a  diagram,  trace  refrigerant  (4/1) 
and  absorbant  flow  in  a  lithium  bromide  absorption  air  conditioning      |  Day  53 
system.  STS:  20a,.  20b,  20c.    Meas:  W« 

(1)  Refrigerant  flow 

(2)  Absorbant  flow 

c.  Given  a  pressure  temperature  chart  and  a  mahometer  reading 
,  determine  the  condition  of  the  vacuum,  in  a  lithium  bromide  absorption 

system  to  within  0. 1  inch  of  mercury  absolute.  STS:  20a,  204(1), 
20d(2).  201.    Meas:  W  : 

V 

(1)  Vacuum  tests  * 

*     \  ■"■ 

(a*)  Standing  vacuum  test 
(b)  Running  vacuum  test 

f2V  t.Mk  ehftfikinor  •  \ 


(2/1) 
Day  53 
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T 


.COUftSC  CONTENT 


d..  Us     workbook  project,.  \ist  the  procedures  for 

charging  and  removing  refrigerant  and  abs  or  bant  from  r  lithium 

bromide  abosorption  svstem.  ST^:  20c,  SOefl),,  2Qe(2),  20c,  201. 
Meas:  v\  * — ^    •  r  — ='  ■ 

,'1*  Charging  refrigerant  and/ or  absorbant 

'  '  ' 

Removing  refrigerant  and/or  absorbant .  "  '■• 

•j  , 

-  e.   Us  in?  a  sciutien  concentration  chart  and  fo!16wing 
instructions  in  vjors'pcojc,'  determine  the  solution 
concentration  of  a  lithium  bromide  system  within1  5cr  accuracy. 
STS:  20c,  20f,  20h,  20i.   Meas:  W  , 

Purpose 

(2)  Procedures  ^ 

Us  jig  a  wiring  diagram,  trace  the  sequence  of  operation, 
i'or,  startup  and  shut-down  of  a  lithium  bromide  absorption 
System.  STS:  2Da,  20b,  20c.  Meas:  W, 


(2  l)  , 
Day  91  fc 


(2  0.  5) 
Dav  54 


(2,;q,  5) 

Day  54 


Types  of  control  systems 


.2 1  Control  operation 

2.   Given  a  troubleshooting  chart,  complete  workbook  project  • 
by  stating  trbubieshootirig  procedures  on  a  lithium  bromide  system. 
'    STS:  2Qa,  20b,  20c,  20h,  £0i.   Meas:  W 

j  (1)  Purpose  of  troubleshooting  charts 

i  (2)  Troubleshooting  a  lithium  bromide  system  % 


(4.5/2). 
Day  55 
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SUPPORT  MATERIALS  AND  GUXDANCir  ♦  , 

•  *  • 

Student  Instructional  Materials  { 

SG  3ABR54530-  VT-5  thru  -6,  Water  Conditioning  and  Absorption  Air 

Condit toning  System 
VVB  3A*BR5453Q-vi-6-Pl,  Identification  of  Major  Components  of  a  Lithium 

Brbmide  Absorption  System 
.WB  3ABR54530-VT-6-P2,  Refrigerant  and  Absorbant  Flow 
WB  3ABR54530-V1-6-P3.  Checking  Machine  Vacuum 

WB  3ABR54530-V1-6-P4,  Adding  and  Removing  of  Refrigerant  an£  'Absorbant 
WB  3XBR54530-VI-6-P5,  Absorbant  Concentration 

WB  3ABR54530- VI-6-P6,  Lithium  Bromide  Air  Conditioning  Wiring  Diagram 
WB  3ABR54530- VI-6-P7,  Troubleshooting  Chart 

Audio  Visual  Aids 

Transparencies,  Set,  Absorption  * 
Training  Film':  CE-9,  Lithium  Bromide  Air  Conditioner  (12) 


x 


'.Braining  Equipment 
None 


,  m  t 


Training  Methods 

Discussion/Demonstration  (12.5  hrs) 
Performance  (6  hrs) 
Training  Film  (0.5  hr) 
CTT  Assignment  (7  hrs) 


Instructional  Guidance 

The  students  are  to  be  instructed  that  lithium  bromide  is  corrosive  when 
exposed  to  air.  Ail  tools  must  be  washed  with  fresh  water  and  then  oiled. 
If  lithium  bromide  gets  into  eyes,vrinse  eyes  with  water,  then  consult  a 
physician.  Do  not  syphon  lithium  bromide  with  a  hose.  Outside  Assignmer  . 
Day  52,  direct  students  to    review  WB  VX-6-P1";  Day  53,  P2  a&u  P3,  Day  04 
P4  thru  P6;  Day  55,  P7. 


7.  Measurement  Test  and  Test  Critique 


1.5 
(1.5/0) 
Day  55 
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VII 


ima  AIT 


K8CR  T1TLI 

Mr  Conditioning  Controls 
"St 


Conditioning  Specialist 


COURli  COMTtNT 


2  TIME 


1.  Air  Compressing  Equipment 


a.  Using  workbook  procedures,  identify  major  components  of  air 
compressor  system.  STS:  13f(2)      Meas:  W 

(1)  Major  components  and  purposes  of  each 

(2)  Safety  devices  > 

* 

b.  Using  appropriate  technical  data  and  the  assigned  trainer  for 
illustrative  purposes,  correctly  state  the  operator's  inspection, 
service,  and  maintenance  procedures  for  an  air  compressor  system. 
STS:  13 f (3).  13f(4)       Meas:  W 

(1)  .Service  and  maintenance 

(2)  Operator's  inspection 


\ 


2 

(2/0) 
Day  56 

(1/0)  • 
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C0U*5I  CONTENT 


'  t 


SUPPORT  MATERIALS  AND  GUIDANCE 

Strident  Instructional  Materials  x        v  t  5      >  '  ' 

SG  3ABR54530-VH-1  and  -2,  Air  Compressing  Equipment  and  Penumatic 
Controls.  ■  '  7      .  '  • 

WB  3ABR54530-VHS1-P1,  Jdentifying  Components  of  an  Air  Compressor 

Svstem 

\VB  3A3R54530-VII-1-P2,  Operator's  Service  and  Maintenance  of  an  Air 
.  Compressor  System  *  .  , 

Audio  Visual  Aids 

Transparencies,  Set,  Air  Compressor 

Training  Equipment 

Trainer,  Refrigeration  Controls  (2) 

Trainer.  Pneumatic  Controls  (12)  • 

♦ 

Trailing  Methods 

Discussion/ Demonstration  (1  hr) 

Performance  (1  hr* 

Multiple  Instructor  Requirements 
Safety,-  Equipment,  Supervision  (2T> 

Instructional  Guidance, 

Stress  safety  precautions  involved  in  servicing  an  air  compressor  system: 
electrical,  compressed  air,  safety  relief  valves,  and  belts. 


MIR:  T\o  instructors  are  required  for  one  half  hour  of  student  performance. 


* 

s 

t 

1  ' 

,  i 

m 

7 

• 
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&*tftgeralian  and  Air  Conditioning 


VII 


A ir  Conditioning  Controls 


c6U*ji  com  Vint 


f 


2.  PneumatiirTontrols 


i 


a  Using  a  diagram,  identify  the  major  pneumatic  control  terms  of' 
a  pneumatic  control  system    STS:  15e(l).  15e(2f  Meas:  W 

.  •  ■ 

(1)  Purpose  and  use  of  pneumatic  controls 

(2)  Btfajor  pneumatic  control  terms 

b.  Using  assigned  trainer;  determine  the  midspring  range  of  a 
pneumatic  valve  and  adjust  the  .valve  to  that  position  in  accordance  with 
procedures  provided  1n  workbook.  STS:  15e(2),  15e(3)f  15e(4) 

IVIeas:  W,  PC  , 

(I)  Applications  ^ 
(2.)  Major  components 

(3)  Installation  and  adjustment 

c.  Using  assigned  trainer*  determine  the  midspring  range  of  a 
pneumatic  damper  operator  and  adjust  the  damper  operator  to  that 
position  in  accordance  with  procedures  provided  in  workbook.  STS: 
15e(3),  15e(4)     Jrfeas:  W,  PC 

(1)  Applications 

(2)  '  Major  components 

(3)  Installation  and  adjustment 


i  nut 


34.5 

(26.5/ 

(8) 
Days  56 

thru  60 

(4/1.5) 
Day  56 


(2/1) 
Day  57 


(2/0) 
Day  57 


± 


SUPEBVfSQR  APPROVAL  OF  LESSON  PLAN  <PA«T  If} 


SiONATUlC  AND  DATE 


3 


SICWATUgi  AMD  PATj 


aABBS*fi3fl 


ATC  'on*  133 

OCT  ft 


Pntvious  ccx-noM  is  otfonri 


OATE 

16  January,  ffiff 


]*A6^*d.' 


71 
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COURSE  CONTENT 


d.   Using;  -assigned  trainer,  operate  and  adjust  a  pilot 
positioner  in  accordance  with  procedures  provided  in  workbook. 
STS:  I5e(2y  15ai3).  15e(4).    Meas:    W,  PC  ) 

•  1.  Applications 

2)  Components  and  construction  features 


(2/1.5) 
Doy  57 


^  Adjustments'* 


e.   Using  assigned  trainer,  calibrate  and  adjust  a  pneumatic  room  (6/2) 
thermostat  to  maintain  70,  :2  F.      STS:  15e(2),  15e(3),  15e(4)  Day  58 

I   Meas:    \\\  PC 


it  Applications  V 

[2s  Major  components  and  function  of  each 

(3  Installation  procedures 

(4'  Calibration 

f.  Using  ass i^med  trainer,  calibrate  and  adjust  a  pneumatic 
•heating-cooling  the-rmostat  to  maintain  70,  i2°F. 

STS:   ioe>2),  15e{3),  15e(4)     Meas:  W-I  PC 

il)  Application  • 

.'2)  Heating-cooling  thermostat 

[3)  Switch-pver  mechanism 

v 

g.  Using  assigned  trainer,  calibrate  and  adjust  a  pneumatic 
non-bleed  controller  to  maintain  70,  t2°F.       STS:  15e(2), 
15e(3),  15e(4)  Meas:  W,  PC 

(1)  HP- 908 A  Controller 

(2)  LP-914A  Sensor 


31 


(6/2) 
Day  59 


(4.5-0) 
Day  60 
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fLAH  Of  IMSTtUCTlOHACSSON  PLAN  PAST  f  (CmHM{m 


COti^Se  CONTENT 


^1 


SUPPORT  MATERIALS  AND  .GUIDANCE 

Student  Iiytruction^i  Materials  —      .     .    -  ' 

SQ,3ABR54b3o-VII-l  and  -2,  Air  Compressing  Equipment  and  Pneumatic 
Controls 

WB  3ABR54530-VTI-2.pl,  Identification  of  Control  Terms  and  Components 
of  a  Pneumatic  Control  System  . 

WB  3ABR54530-VII-2-P2,  Determining  the  Mldspring  Range  of  a  Pneumatic 

Valve  • 

WB  3ABR54530-VTI-2-P3,  Adjustments  of  a  Pneumatic  Damper  Operator  . 
^2  3ABR54530-VTI-2-P4.  Operation  and  Adjustment  of  a  Pilot  Positioner 
WB  3ABR54539-VII-2-P5,  Calibrating  a  Pneumatic  Room  Thermostat 
WB  3ABR54530-VII-2-P6,  Calibrating  a  Pneumatic  Heating  -  Cooling 
Thermostat 

WB  3ABR54530-VII-2-P7,  Calibrating  of  a  Non-Bleed  Controller 

Audio  Visual  Aids  * 
Transparencies,  Set,  Pneumatic  Control  *  . 

Training  Film:  TF5658a,  Pneumatic  Temperature  Controls  -  Theory^ 
Training  Film:  TF5658b.  Pneumatic  Temperature  Control  Devices 
Charts,  Set,  Penumatic  Controls 

*  *  * 

Tr  aining  Equipment  /        i  - 

Trainer,  Refrigeration  Controls  (2)  ■ 
Bench  Items: 

Johnson  Kit  (2) 

Room  Thermostat  (2)  \ '  .  1 

Sling  Psychrometer  (12) 
Room  Humidistat  (12) 
Heating-Cooling  Thermostat  (2) 
Pneumatic  Valve  (2) 
Pneumatic, Damper  Operator  (2)  „ 
Pilot  Positioner  (2)  .  , 
Nonbleed  Controller  (2)  _         ,  ' 

Temperature  Sensor  (2) 

Training  Methods  f 
Discussion/Demonstration  {  15  hrs) 
Performance  (10. 5. hrs) 
'  Training  Films  (1  hr) 
CTT  Assignment  (8  hrs)  /  «  .  >. 

Multiple  Instructor  Requirements 
Safety,  Equipment,  Supervision  (2) 
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PLAN  OP  1NST«JCTK)W/LES$0W  PLAN  PAST  I  <&«;«»«<«*  SUt) 

COURSE  CONTENT  . 


Instructional  Guidance 

Emphasize  safety  when  working  with  pneumati'c  equipment.   Have  each 
student  complete  eaeh  performance,  following  procedures  as  stated  In  the 
workbook.  Emphasize  to  students  that  they  must  give  the  trainers  time 
to  react  to  control  calibration  and  adjustments .  Outside  Assignment- 

™'  3!'^i^t  S~tUdent  t0  reView  WB  VH-2-P1;  Day  57,  P2  and  P3;  Day  58 
P4  and  P5  ADay  39 ,  P6  and  P7, 

MIR:  Two  instructors  are  required  for  9.5  hours  during  student 
performance  (3  hours  in  Day  57,  2  hours  in  Day  58,  2  hours  in  Day  59  and 
2;  5  hours  in  Day  60).  * 
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*LOdK  NUMttft 
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ILec*  title  — — 

Air  Condltlonint  Cootrolg 

COURSE  CONTENT 


*  TIME 


3.  Measurement  Test  and  Test  Critique 


4.   Electric  Controls 


N. 


a.  Using  assigned  trainer,  and  multimeter,  locate  opens  and 
orts  in  accordance  with  workbook  procedures.  STS:  10g(2).  15c(4) 
Kss *  PC 

(1)  Applications  of  electric  controls 

(2)  Locating  opens  and  shorts 

b.  Using  components  supplied  by  instructor,  connect,  adjust  and 
operate  a. series- 20  control  loop  in  accordance  wither ocedures 
provided  in  workbook.  STS:  15c(l)(a),  15c(2),  15c(3),  15c(4), 
15c(5).  Meas:  W,  PC 

,  (1)  Applications 

(2)  Major  components  of  series-20  control  loop 

(3)  Current  flow 

c.  Using  components  supplied  by  instructor,  connect,  adjust  and 
operate  a  series -40  or  a  series*- 80  control  loop  in  accordance  with 
procedures  provided  in  workbook.  STS:  15c(l)(a),  15c(l)(b),  15c(2), 
15c(3),  15a(4),  15c(5)    Meas:  W,  PC 

(1)  Application 

(2)  Comparison:  series -40  and  series-80  control  loops  «, 


I. 5 

Dav  60 

22 
(16/6) 
iDays  61, 
62  and 
63 

(2/0.5 
Day  6 


(4/1.5) 
Day  61 


(3/1) 
Day  62 


SUPERVISOR  APPROVAL  OF  LISJOM  PLAN  (PART  II) 
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COURSE  COMTINT 


 :  :    J  :  

(3)  Major  components 

,(4)  Operation  of  a  "fail  safe"  device 

(5)  Current  flow 

d.  Using  components  supplied  by  instructor,  connect, 
adjust  and  operate  a  series-60  control  loop  in  accordance 
with  procedures  provided  in  workbook.  STjS:  15c(l)(a), 
IScflKb),  15c(2),  X3c(3),  15c(4),  15c(5).  Meas:  W,  PC 


(1)  Application 

(2)  Major  components 

(3)  Current  flow 


\ 


e.    Using  components  supplied -by  instructor,  connect,  adjust, 
operate  and  troubleshoot  a  series -90  control  loop  in  accordance 
with  procedures  provided  in  workbook.  STS:   10e(l)(d),  15c(l)(b) 
15c(2),  15c(3),  15c(4),  15cj  5)        Meas:  W,  PC 

(1)  Application 

(2)  Major  components 

(3)  Bridge  circuit 

(4)  Current  flow 


(3/1) 
Dav  62 


(4/2) 
Day  63 


^  1 


(5)  Calibration 


( 6 )  T  roub  les  hoot  ing 
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COUtSf  CONTtMT 


J 

rSls 


SUPPORT  MATERIALS  AND  GUIDANCE 

ss  Student  slnatructtonai  Materials  > 
SG  3ABK5453Q-VH-4  and  -5,  Electrical  and  Electronic  Control* 
WB  3ABR54530-VII-4-P1,  Troubleshooting  Electrical  Controls 
/  WB  3ABR54530-VII-4-P2,  Operation  and  Adjustment  of  Series* 20  Controls 
~  WB  3ABR54530- VII-4-P3,  Operation  and  Adjustment  of  Series-40  and  -80 
Control  Loops 

WB  3ABR54530-VTI-4-P4,  Operation  and  Adjustment  of  Series -60 
Qpntrol  Loop 

(WB  3ABR54530-VT1-4-B5,  Operation,  Adjustment  and  Troubleshooting 
*     of  Series -90  Controls 

Audio  Visual  Aids 

Transparencies,  Set,  Electrical  Controls 
Charts,  Set,  Electrical  Controls 

Prenarrated  Slide:  ATS  54-14,  Series- 20  Motorized  Valve 

Training  Equipment 
Trainer,  Continuity  Test  (6) 
Multimeter  (2) 
Bench  Items:  y 

Electrical  Controller  Series-20  (2) 
Electrical  Controller  Series-40  (2) 
*  Electrical  Controller  Series-60  (2) 
Pressuretrol  Series-90  (2) 
Series- 20  Control  Motor  (2) 
Series-40  Control  Motor  (2) 
Series-60  Control  Motor  (2) 
Series-80  Control  Motor  (2)  r 
Series-90,  Control  Motor  (2) 

Training  Methods 

Discussion/Demonstration  (7.  5  hrs) 
Performance  (8.5  hrs) 
CTT  Assignment  (6  hrs)  >-: 

Multiple  Instructor  Requirements 
Safety,  Equipment,  Supervision  \2) 
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COURSe  CONTtNT 

— ; —  —  1    ;  f   

Instructional  Guidance 

As  a  safety  precaution,  students  will  remove  all  jewelry  while  ' 
completing  performances.   Have  students  complete  outside 
assignments  appropriate-to  iessoh.  Outside  Assignment-  Day  61 
Dav  t'f^^  ^     ra*iew  WBs/ VII -4 -Pt  and  P2;  Day  62,  P3  and  P4; 

MIR:  Two  instructors  are  needed  tor  7.5  hours  during  student  performance 
(2  hours  in  Day  61,  3.5  hours  in  Da?  62,  aid  2  hours  £ t  Say  63™ 
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Aif  Conditioning  Controls 

COUWl  CONTENT 


5.  Electronic  Controls 


a.  Using  diagram,  identify  components  and  state  purpose  of 
conventional  and  solid  state  devices,,  completing  without  error  at 
least  80^  of  the  workbook  project.  STS:  10e(l)(d).  15d(l),  15d(2), 
154(3),  15*1(4),  15d(5),  15d(7).  Meas:  W 


(1)  Application  of  electronic  controls 

(2)  '  Conventional  (tube)  type  electronic  equipment 

-4 

«{a)  Components 

(b)  Rectification 

(c)  Amplification 

(3)  Solid  state  electronic  equipment         < » 

(a)  Principle  of  operation 

:     -\     :'  '    '  ' 

.(b)  Components  f 

i  '  •  ■ ' 

(c)  .Rectification 

(d)  Amplification  (transistor) , 
{4)  Electronic  power  supply 


TIME 


16.5- 
12.5/41 
Days  63 
thru  65 

(8/2) 
Days  63 
and  64 


SU^EKVfSOfl  APPROVAL  OP  UfSSONFL AH  (PART  10 
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3S 


\ 


b.  Usmg  assigned  trainer,  \vire,  adjust  and  troufcjfishoot'  "  (4.5/2) 
an  electronic  humidity  ^dntroF  loop.  STS:  15d(l).  ASd(8>;  ■  Dav65 

'ljd<3|,  lld£4>,  I5d<5),  lfo(6U  15dm.  15d(8l^tf(9Tt5d(10)  ,  -  > 

ill  Operation  ot  the  phase  detector  circuit  ' 
2;  Major  components  of  an  electronic  control  loop  * 
■3;  Insrallatipn  and  calibration  t 

»  *  1  .  ' 

\  t 

i         *  * 

SUPPORT  MATERIALS  AND  GUIDANCE  "  ' 

*    v  , 

Student  Instructional  Materials 

SG  3ABR5453Q-VII-4  and  -5,  ElectrYcal  and  Electronic  Controls 
\VB  3ABR54530-VII-5-P1,  Identification  and  Purpose" of  Conventional  and 

Solid-State  Devices         '  „m.  / 

W3  3ABR54530-VII-5-P2,  Wire  and  Operate  an  Electronic  Humidity. Control 

Loop  '  .  . 

Audio  Visual  Aids  t  '  - 

Transparencies,  Set,  Electronic  Com foIs 

Charts,  Set,  Electronic  Controls  ,  • 

Training  Film:  TF4145,  Basic  Electronics  a«  Applied  to  Electronic  Control 
Systems 

Training  Film:,  TFI-5250A,  Transistors  -  PN  Junction  ^nidamentals 

Training  Equipment  y  •.        •  • 

Trainer,  Humidity  Control  System  (4)  * 
Demonstrator,  Electronic  Thermostat  (12) 
Demonstrator,  Triode  Tube  (12)        v  0 
Demonstrator,  Gold  Leaf  (12)       '  » 
Multimeter,  (2) 


o 


ERIC 


Training  Methods 

Dis cus s  i  on/De monst r at i on  (7.75  hrs) 
Performance  (4  hrs) 
Training  Films" (0.75  hr) 
CTT  Assignment  (4  hrs) 

Multiple  Instructor  Requirements 
Safety,  Equipment,  Supervision  (2) 
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CQURlC  CON  TINT 


Instructional  Guidance         -  '  - '  ,  * 
As  a  safety  precaution,  students  will  remove  all  jewelry  while 
completing  performance  Outside  Assignment:  Day  64,  direct  students 
to   review  WBs  .VtI-5-Pl  and  P£;  Day  65,  review  Block  VH  materials. 

>  /  .  1 

MIR:  Two  instructors  are  needed  for  4  hours  during  student, performance 
(2  hours  in  Day  64  and  2  hours  in  Day  65). 


6 .  Related  Training  (identified  in  course  chart) 
JK^  Measurement  Test  and  Test  Critique 


1.5 
(1.5/0) 
Day  65 
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FLAN  OF  lHSTRbCTION/LIMOH  PLAN  FAtT  1 

]  RK?SB?3Son  and  Air  Conditioning 
— I  Socialist   


vin 


[;  Air  Co.*dit;oning 

COUKSI  CONTENT 


I .   Air  Conditioning  Equipment 


a.  Using  workbook,  identity  major  components  of  the  air  ■ 
conditioning  trainers  as  ro  their  type,  £urPQse  and  principle  of 
operation.   STS:  18,  19a,  19b.  19t(l)',  19t(2),  19W1),  19v(2). 
Meas:  W,  PC 

(1)  Purpose  and  fundamentals  of  air  conditioning 

'      (2)  Types  of  air  conditioning  equipment 

(3)  Purpose  and  operation  of  major  components 

(4)  Purpose  and  operation  ot -associated  components 

b.  Using  window  air  conditioner  trainer  and  tools  provided, 
operate,  troubleshoot,  and  service  following  the  workbook  procedures, 
STS:  10b,  19e,  19f,  19g,  19h,  19t(2).  19v(2),  21c(l),  21c(2),  21c(3), 
1\c(5).    Meas:  W,  PC 

(1)  Major  components  and  principles  of  operation  of  window 
air  conditioners 

(2)  Methods  of  control 

(3)  Operation  and  troubleshooting  of  window  air  conditioners 

;4)  Servicing  procedures  for  window  air  conditioners 

<5)  Installation  techniques  aiid  procedures 


21 
(16/5) 
Days  66 
thru  68 

,(4/1)., 
|Day  66 


(8/3) 
Days  66 
Sand  67 
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PLAN  OF  INSTRUCT10j§/LI$SON  PLAN  PA8T  I  <Crti*»-i«,  SW) 


COURSE  CONTENT 


I         d   Using  workbook,  and  residential  air  conditioner  trainer,  (4/1) 
]  .  identify  major  components,  their  functions,  and  trace  electrical        Day  68 
■!    circuits.   STS:   13b,  19g,  19v(2)  Meas:  W,  PC 


(T  Air  Circulating  system  components 


'2    Furnace  system  components 


(3  Cooling  system  components 
.  i  4'  Electrical  circuits 


/ 


5V  Performance  checks 


SUPPORT  MATERIALS  AND  GUIDANCE 


Student  Instructional  Materials 


SG  3ABR54530- VTII-1  thru  -3,  Typical  Air  Conditioning  Equipment  and 

Psychrometrics  •  t  ■ 

WB  3ABR54530-VTII-1-P1.  Select  Fan,  Filter  and  Insulation 
WB  3ABR545S0-VIII-1-P2,  Familiarization  of  Window  Air  Conditioners 
WB  3ABR54530-VTU-1-P3,  Familiarization  of  Residential  Heating  and 

Coaling  Systems 

WB  3ABR54530-VIIM-P4,  Heating  and  Cooling  Wiring  Diagrams 
Audio  Visual  Aids 


Charts,  Set,  Air  Conditioning  Equipment 

Transparencies,  Set,  Window  and  Residential  Air  Conditioning 

Training  Film:  TF  6361,  Home  Heating  andAir  Conditioning  Control  Systems 

Pre  narrated  Slides:  Room  Air  Conditioners 

Training  Equipment  , 

Trainer,  Insulation  Demonstrator  (12) 

Trainer,  Drum  Control  Filter  (2) 

Trainer,  Prifilter  and  Deep  Bed  (12) 

Trainer,  Fan  Centrifugal  (12) 

Trainer,  Fan  Vaneaxiai  (12) 

Trainer,  Air  Conditioner,  Window  (2) 

Trainer,  Heating  and  Cooling  Residential  (12) 


Training  Methods  .      *  .  • 
Dis  cuss  ion  JDe  monstr  at  i  on  (8 
Performance  (7  hrs)  ' 
Training  Film  (0.5  hr) 
CTT  Assignment  (5  hrs) 
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C0U1ISC  CONTIMT 


Multiple  Instructor  Requirements 

Safety,  Supervision  (2)  , 

instructional  Guidance 

Electrical  safety  should  be,  stressed  in  this ^area,  and  protective  items 
must  be  worn  when  working  on  trainers  to  prevent  injury  due  to  a  liquid 
refrigerant  accident.  Outside  Assignments:  Day  66,  direct  students  to 
review     WBs  VIII-1-P1  and  P2;  Day  67,  P3;  Day  68,  P4. 

MIR:  Two  instructors  are  needed  for  4. 5  hours  during  student  performance 
in  Day  67.  - 
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PLAN  OF  INSTRUCTtQH/LESSOH  PLAN  PART  I 

 --t  *t       -v^|  r  ■  ■  '  

ration  und  Air  Conditioning 


9L  o"f"»  "VTTTTT  * 

Air  Conditioning 


letrl 


COURSE  CONTENT  T" 


2.  Air  Flow  Instruments 


a.  Using  air  flow  instrument  and  selected  air  conditioner* 
determine  CFM  to  within  five  percent  accuracy .  STS:  .19u(lV 
19u(2),    Meas:  W,  PC 


jl)  Purpose  of  air  floW  instruments 

(2)  Types  of  air  flow  instruments 

(3)  Operation  of  air  flow  instruments 


*  ! 


2-  TIME 


9.5 

(T/2..5) 
Days  68 
and  69 

Days"  68}  * 
and  69 


r  ■ 

'Si. 


b.  Using  residential  air  conditioner  trainer,  air  flow  instruments, 
and  workbook,  balance  the  air  flow  to  meet  specifications  in  workbook. 
STS:  19£   Meas:  W,  PC  ^  . 

\    ill  Purpose  and  application  of  air  flo$*  balancing 

<2)  Principles  of  air  flow  balancing 

<3)  Procedures  for  air  flow  balancing 


Day  69 
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SUPPORT  MATERIALS  AND  GUIDANCE 
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Student  Instructional  Materials 

SG  3ABR54530-VTII-1  thru  -3,  Typical  Air  Conditioning  Equipment  and 

Psychrometrics      *  * 
WB  3ABR54530-VTII-2-P1,  Deter  mine  Velocity  and  CFM  of  Air 
WB  3ABR54530-VTO-2-P2,  Balincing  Air  Conditioning  Systems 

Training  Equipment  *  '•"•>' 

Trainer,  Heating  and  Air  Conditioning,  Residential  (2)  i 
Trainer,  Velometer  (12), 
Trainer,  Anemometer  (1*2) 
TraLier-.'  Manometer  '(12) 

Training  Methods^ 
" Discussion/Demonstration  (3.5  hrs) 
PerforW&ce  (3h:  5  Krs) 
CTT  Assignment  (2.5  hrs) 

Multiple  Instructor.  Requirements 
Supervision  (2) 


Instructional  Guidance 

Place  adequate  emphasis  on  safety  precautions  while  using  refrigeration 
einiipment.  Outside  Assignment:  Day  69,  direct  students  to  review 
WBs  VIIi-2-Pl  and  P2.  .  ' 

MIR:  Two  instructors  are  needed  for  3.5  hours 'du rift g  student  performance 
%  in  Day  69.  &  *  ~ 
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3.  Psvchrometrics  8 

Days  69 
and  70 

a.  Using  sling  psychrometer,  determine  the  wet  bulb  and  dry  bulb  (1/0.5) 
temperature  of. air  within  two  degrees. |  STS:  19c.  Meas:  W,  PC  Day  69 

(1)  Purpose  of  sling  psychrometer  readings 

i 

b.  Using  psvchrometric  chart  and  workbook  values,  determine  (4.5/2) 
dew  point  temperature,  relative  humidity,  specific  humidity  and  heat  Day  X 
content  within  two  percent.  STS:  19d(l),  19d(2),^9d(3)    Meas:  W,  P<f  ' 

(1)  Define  psychrometrics  * 

/ 

(2)  Physical  properties 

(3)  Lines  and  scales  on  the  psvchrometric  chart 

(4)  Simple  psvchrometric  plots 
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SUPPORT  MATERIALS  AND  GUIDANCE 
Student  Instructional  Materials 

SG  3ABR54530-VTn-l  thru  -3,  Typical  Air  Conditioning  Equipment  and 
Psychrometrics 

WB  3A-BR54530-VTII-3-P1,  Using  Sling  Psychrometer  to  Determine  Dry  Bulb  , 

and  Wet  t Bulb  Temperatures  ' 
\VB  3ABR54530-VTH-3-P2,  Using  Psychrometric  Chart  to  Determine  the 

Properties  of  Air 
HO  3ABR54530-VIII-1,  Psychrometric  Chart 

*  Audio  Visual  Aids 
.|   Chart,  Set,  Psychrometrics 

Transparencies,  Set,  Psychrometrics 

Training  Equipment 
'Trainer,  Sling  Psychrometer  (12) 

* 

■  t  •  * 

'  Training  Methods 

Ens  cuss  ion /Demonstration  (2.5  hrs) 
•Performance  (3  hrs) 
CTT  Assignment  (2.5  hrs) 

Instructional  Guidance 

Outside  Assignment:  Day  70,  direct  students  to     review  WB  VHI-3-P1  and  P2 
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4.  Measurement  Test  and  Test  Critique 


5.  Heat  Pumps 

a.  Using  workbook  and  heat  pump,  identify  components  and  list 
their  (unctions.  STS:  15a(l),  l^g,  ISh      MeasnW,  PC 

(1)  Major  components  and  their  functions 

(2)  Compressor  motor  safety  controls 

(3)  Principles  of  heat  pump  cycles 

i 

b.  Using  heat  pump  and  reversing  valve  diagrams,  trace  the  flow 
j  of  refrigerant  through  the  cooling  and  heating  cycles.  STS:  19a,  19gf 
!   19h      Meas:  W,  PC 

(1)  Reversing  valve  operation 

(2)  Refrigerant  flow  in  heating  and  cooling  cycles 

f 


1.5 
(1.5/0) 
Day"  70 

4  . 
(3/1) 
Day  71 

(1.5/0.sj) 


(1.5/0.  if) 
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SUPPORT  MATERIALS  AND  QUIDANCE 
Student  Instructional  Materials 

SG  3ABR54530-VTII-5  thru  -7,  Heat  Pumps,  Package  Air  Conditioner 

and  Direct  Expansion  Air  Conditioning  System  < 
WB  3ABR54530-VTH-5-P1,  Familiarization  ofUeat  Pumbs 

Audio  Visual  Aids  \ 
Transparencies,  Set,  Heat  Pumps 
Prenar rated  Slides:  The  Packaged  Heat  Pump 

A, 

Training  Equipment 
Trainer,  Heat  Pump  (12)'  ' 
Trainer,  Heat  Pump  Operation  <12) 

•Training  Methods 

Dis  cu ss ion /Demt  .  .strati on  (1.5  hrs) 
Performance  (1.5  hrs) 
CTT  Assignment  (1  hr) 

Instructional  Guidance  1 

Outside  Assignment:  Day  71,.  direct  students  to  %  jreariew  ^  VTE-3-P1  and  P2, 
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6.  Package  Air  Conditioner 


\ 


a.  Using  the  package  air  conditioner  and  workbook,  identify 
components  and  list  their  functions.  STS:\l$a(l),  19g  Meaa;  W,  PC 

\  ' 

(1)  Purpose  and  applications  of  package  air  conditioners 

0 

(2)  Major  components  and  their  functions 

(3)  Compressor  motor  safety  controls 

b.  Using  the  package  air  conditioner  and  workbook  project,  trace 
the  flow  of  refrigerant,  air  and  water  through  the  system. 

STS:  19a,  19g,  19h    Meas:  W,  PC 

(1)  Basic  construction  and  air  flow 

(2)  '  Refrigerant  system  and  condenser  circuits 


(1.5/0.5 


4 

(3/1) 
Day  71 

(1.5/0.! 
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SUPPORT  MATERIALS  AND  GUIDANCE 
Student  Instructional  Materials 

SG  3ABR54530-Vm-5  thru  -7,  Heat  Pumps,  Package  Air  Conditioner, 

and  Direct  Expansion  Air  Conditioning  System 
WB  3ABR54530-VTU-6-P1,  Familiarization  of  the  Package  Air  Conditioner 

Audio  Visual  Aids 

Transparencies,  Set,  Package  Air  Conditioner 

Training  Equipment 

Trainer,  Package  Air  Conditioner  (12) 

Training  Methods 

EUscussion/ttemonstration  (1.5  hrs) 
Performance  (1.5  hrs) 
CTT  Assignment  (l'hr) 

Instructional  Guidance 

Place  adequate  emphasis  on  safety  precautions  around  operating  equipment. 
Outside  Assignment:  Day  71,  direct  students  to    review  WB  Vm-6-Pl. 
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7.  Direct  Expansion  Air  Conditioning  Systems 


a.  Using  workbook  and  25-ton  trainer,  locate,  identify  and  state 
the  function  of  safety  controls  and  major  components.  STS:  15a(l), 
19w(l)      Meas:  W 

(1)  Major  sections 

(2)  Major  components  and  their  functions 

(3)  Associated  components  and  their  functions 

(4)  Safety  controls 

b.  Using  schematic,  workbook  and  25-ton  trainer,  locate 
operational  and  capacity  controls,  state  their  functions  and  adjust 
for  proper  operation.  STS:  13a(6).  13a(7).  I5c(l)(a).  15c(l)(p). 
15c (2).  15cJ2),  19w(2).  2lh(4)  Meas:  W,  PC  . 

(1)  Temperature  control  system  and  its  function 

(2)  Humidity  control  system  and  its  function 

(3)  Control  systems  calibration  and  adjustments 

(4)  Capacity  control  system  and  its  function 

(5)  Adjusting  capacity  controls  to  maintain  proper  operation 


/ 


30.5 

K22.5/8) 
Days  72 

thru  75 

(6/2) 
Day  72 


(6/2) 
Day  73 
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c  Using  hygrothermograph,  sling  psychrometer,  •  (6/2) 

air  flow  instrument,  psychrometric-  chart,  and  25-ton  trainer,      *  Day  74 
perform  capacity  check  to  determine  system  efficiency  as  ; 
specified  by  instructor.  STS:  |c,  5e,  6d(5).  19d(X%  19d(2)/ 
19d(3),  19e,19g,  19h,  19v(2).  19w(3).  21c(l),  2lc(2),  2lc(3). 
21c(4),  2lc(5)f.21c(6),  21c  (7)     Meas:  W,  PC      ,  '    ' 

(1)  Pre -ope rational  check  and  operational  startup 
sequence  and  procedures 

(2)  Shutdown  sequence  and  procedures 

(3)  Hygrotherraograph 

(4)  Capacity  check 

(5)  Probable  causes  and  cures  of  reduced  system  capacity 

d.   Using  diagnostic  charts  in  study  guide,  multimeter  and  (4.5/2) 
2  5- ton  trainer,  troubles  hoot  and  isolate  malfunction  to  the  smallest   Day  75 
repairable  or  replaceable  item.  STS:  2 Id,  21e,  21f*Meas,  W,  PC 

(1)  Troubleshooting  * 

SUPPORT  MATERIALS  AND  GUIDANCE 
Stu^.e.nl  1^5?-^ ional  Materials 

SG  3ABR54530-VTH-5  thru  -7,  Heat  Pumps,  Package  Air  Conditioner  and 

Direct  Expansion  Air  Conditioning  Systems 
WB  3ABR5453G-VIII-7  ?1,  Major  Components 
WB  3ABR54530-Vin-r/-P2,  Compressor  Electrical  Control  Circuits 
WB  3ABR54530-VTII-7-P3,  Fan  Compressor  Interlock  Circuit 
WB  3ABR54530-V7II-7-P4,  Complete  Temperature  and  Humidity  Control  * 

Circuits 

WB  3ABR54530-VIII-7-P5,  Equipment  Cooling  Pneumatic  Controls  \ 

WB  3ABR54530-vm-7-P6,  Identification  and  Adjustment  of  Cylinder  uriloaders 

WB  3ABR54530-VHI-7-P7,  Preoperational  Check  of  the  25-ton  Trainer 

WB  3ABR54530-VIII-7-P8,  Operation  of-the  25-ton  Trainer 

WB  3ABR54530-VHI-7-P9,  Determine  Coil  Capacity 

WB  3ABR54530-vm-7-P10,  Determine  Proper  Operation  \ 

WB  3ABR54530-Vin-7-Pll,  Troubleshooting 

HO  3ABR54530-Vm-1.  Psychrometric  Chart 

5  4. 
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Audio  VUual  Aicte 

Chart,  Set,  Air  Conditioning  Systems 

Transparencies,  Set,  Industrial  Air  Conditioning  Systems 

Training  Equipment 

Trainer,  25-Ton  Air  Conditioner  (12)  .  ^  \ 

Trainer,  Sling  Psychrometer  (12) 

Trainer*  Hygrother  mo  graph  (6) 

Trains    Velometer  (12)  \ 

Tralnerp  Reciprocating  Cylinder  Unloader  (12) 

-Training  Methods 

Discussion/Demonstration  (12  hrs) 

Performance  (10.5  hrs)  \ 

CTT  Assignment  (8  hrs)  ' 

Multiple  Instructor  Requirements 
Safety,  Supervision  (2) 

Instructional  Guidance 

Place  adequate  emphasis  on  safety  precautions  around  operating 
equipment.  Outside  Assignment:  Day  72,  direct  students  to  review 
WBS  VTH-7-Plthru  P3;  Day  73,  P4  thru  P6;  Day  74,  P7  thru  P9;  Day  75, 
PlOandPll. 

MIR:  Vwo  instructors  are  needed  for  «  hours  during  student  performance 
(2.5  hours  in  Day  73,  3.5  hours  in  Day  74,  and  3  hours  in  Day  75). 
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2.  TIME 


8.  Measurement  Test  and  Test  Critique 


9.  Indirect  Expansion  Air  Conditioning  Systems 


1(1.5 
(Day 


1.5 
1.5/0} 
75 

:<23.  3/3)1 
I  Days  7$ 
!thru  80 


a.  Using  100- ton  trainer,  maintain  air  handling  systam  as  QL.thii'^  (5/i.a)  , 
in  workbook  project.  STS:  19d(j).  19d(2j,  19d(3).  19t(3),  19v(3)t  ,  Day  76  j 
19v(4),  19w(l),  21h(l),  21h(2)721h(3ir21h(4l2Xn(5).    Meas:  W,  PC 

(1)  Types  of  air  handlers  4  | 

i 

(2)  Air  handler  humidity  control  equipment  ■  ; 

♦ 

(3)  Psychrometrics  j 

1 

(41  Air  handler  maintenance  . 


b.  Using  100-ton  trainer,  trace  flow,  service,  and  maintain 
secondary  refrigerant  system.  STS:  191,  19o,  19w(l),  Me  is: 
W,  PC 

(1)  Secondary  refrigerant  systems  applications 
(2!  Secondary  refrigerant  circuits 

(3)  Service  and  maintenance  of  secondary  refrigerant  s/stenv- 
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c.  Using  100-ton  centrifugal  refrigeration  machine  and 
workbook,  locate,  identify  and  list  the  functions  of 
components.  STS:  12d,  13a(l)(c),  13a(3),  13a(4),  19k 
19q.    Meas:  W,  PC       

(it  Major  components  and  their  functions 

d.  Using  workbook  and  chart,  trace  the  centrifugal 
compressor  lubrication  system.  -STS:  13a(l)(e)  19h 
Meas:  W,  PC   

4k. 

(1)  Lubrication  system  components 

(2)  Oil  circuit 

(3)  Servicing 

e.  Using  workbook  and  chart,  trace  electrical 
safety  control  circuit.  STS:  15a(l),  19p.  Meas:  WT  PC 


(1)  Safety  controls  and  their  functions 

f.  Using  centrifugal  trainer  and  equipment  provided, 
connect  the  equipment  for  charging  the  system  with  refrigerant 
following  prescribed  step  by  step  procedures.  STS:  19m 
Meas:  w,  PC  '   

(1)  Charging  procedures 

g.  Using  the  100- ton  trainer,  perform  a  preoperational 
check  as  outlined  in  the  workbook.  STS:  19e  Meas:  W,  PC 

fl)  Preoperational  check 

h.  Using  100-ton  trainer,  operate  the  centrifugal  units 
operational  controls,  transmitters,  recorders  and 
controllers  to  obtain  optimum  operational  efficiency. 
STS:  19g,  191,  19n,    19r,  19s      Meas:  W,  PC 

(1)  Starting,  operating  and  stopping  procedures 

(2)  System  operating  controls 
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i.  Using  diagnostic  charts  in  study  guide,  and  100-ton 
trainer,  tioubleshoot  and  Isolate  to  smallest  repairable 
or  replaceable  item.  STS:  10g(3),  10g(5),  15c (4), 
aic(l).  31c(2).  21c(4).  21c(5r2lc(8rird.  . 
Meas:  W,  PC 

(1)  Troubleshooting  procedures 
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SG  3ABR54530-VTII-9,  Indirect  Expansion  Air  Conditioning  System 

WB  3ABR54530-Vm-9-Pl,  Using  Psychrometric  Chart  to  Determine  the 

Properties  of  Mixed  Air 
WB  3ABR54530-VIII-9-P2,  Operation  and  Maintenance  of  Fresh  Air  and 

Recirculating  Air  System 
WB  3ABR5453Q~Vm-9-P3,  Operation,  Maintenance  and  Flow  of  Secondary 

Refrigerants 

WB  3ABR54530-Vm-9-P4,  Identification  and  Function  of  Major  Components 

of  Centrifugal  Refrigeration  Machine 
WB  3ABR5453G-VTH-9-P5,  Tracing  Flow  of  Primary  Refrigerant 
WB  3ABR54530-VTH-9-P6,  Operating  Principles  of  Purge  Recovery  Unit 
WB  3ABR54530-VTEI-9-P7,  Servicing  Centrifugal  Compressor  Lubrication 

System 

WB  3ABR54530-VTII-9-P8,  Centrifugal  Unit  Safety  Controls 

WB  3ABR54530-VTII-9-P9,  Charging  Procedures  for  Centrifugal  Machine 

WB  3ABR54530-VTH-9-P10,  Preoperational  Check  and  Operation  of 

Centrifugal  Machine 
WB  3ABR54530-Vm-9-Pn,  Diagnose  Troubles  in  the  Centrifugal  System 
HO  3ABR54530- vm-1,  Psychrometric  Chart 

Audio  Visual  Aids 

Chart,  Set,  Indirect  Expansion  Air  Conditioning  Systems 
Transparencies,  Set,  Centrifugal  Systems 

Training  Equipment 

Trainer,  100-ton  Air  Conditioner  (12) 

'Trainer,  Purge  Recovery  Unit  (12) 
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Training  Methods 

DiscusSion/Demonstntfion  {,15  hrs) 
Performance  (13.5  hrs) 
CJT  Assignment  (8  hrs) 

Multiple  Instructor  Requirements 
Safety,  Supervision  (2) 

Instructional  Guidance 

Place  adequate  emphasis  on  safety  precautions  around  operating 
equipment.  Outside  Assignment:  Day  76,  direct  students  to  review. 
WBs  VIH-9-P1  thru  P3;  bay  77,  P4  thru  P6;  Day  78,  P7  thru  P9; 
Day  79,  P10  and  PI!. 

MIR:  Two  instructors  are  needed  for  7  hours  during  student  performance 
(4  hours  in  Day  79  and  3  hours  in  Day  80). 

10.  Related  Training  (identified  in  course  chart)  2 

11.  Measurement  Test  and  Test  Critique  1.5 
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1. ,  Evaporative'  Cooling  Systems 


a.  Using  a  schematic,  identify  the  components  and  trace  the  flow 
of  air  and  water  through  the  evaporative  cooler.  STS:  19h 

Meas:  W,  PC 

(1)  Evaporative  cooling  fundamentals 

(2)  Major  components  and  their  functions 

(3)  Common  service  and  maintenance  problems 

b.  Using  the  evaporative  cooler,  perform  a  preoperational 
check  and  operate  the  system.  STS:  6d(3),  19e,  19f,  19g,  19h,  19t(3) 
Meas:  W,  PC 

(1)  Preoperational  check  and  operate 

(2)  Installation,  service  and  maintenance  procedures 


4 

(4/0) 
Day  81 

(1/0) 


(3/0) 


SUHUVlSOi  APPROVAL  OF  LESSON  PL  AW  (PART  U) 


SIGMATURf  AMD  DAT! 


5IWATUII1  AMD  0AT1 


*UA«  Of  iNSTKUCTiOM  MUMKR 


3ABR54530 


6ATI 

16  January  1976 


PAG*  no. 


103 


O  *   romt  133 

ERIC  0CT" 


PLA*  OP  INST*UCT10H/LI»ON  PLAN  PART  I  (Ummmim  M 


COURSE  CONTENT 


SUPPORT  MATERIALS  AND  GUIDANCE 
Student  Instructional  Materials 

SG  3ABR54530-IX-1  and4,  Evaporative  Cooling  Systems  and  Civil  Engineering 

Maintenance  Management 
WB  3ABR54530-IX-1-P1,  Major  Components  of  Evaporative  Coolers 
WB  3ABR54530-DC-1-P2,  P reoperation  and  Operation  of  Evaporative  Coolers 

i 

Training  Equipment 

Trainer,  Evaporative  Cooler  (12) 

Trainer,  Sling  Psychrometer  (12) 

T  rain  ing^&et  hods 

Discussion/Demonstration  (1.5  hrs) 
Pmcformance  (2.5  hrs) 

Instructional  Guidance 

Place  adequate  emphasis  on  safety  precautions  around  operating  equipment. 
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MULTIPLE  REFRIGERATION  SYSTEMS 

OBJECTIVE 

To  help  you  understand  the  reasons  for  installing  multiple  systems,  and  their 
classifications,  applications,  and  installation  requirements.  To  help  you  service, 
adjust  and  operate  multiple  refrigeration  systems. 

INTRODUCTION 

The  general  term  '  multiple  refrigeration  systems"  includes  several  different  ap- 
plications, each  having  its  own  purpose  and  temperature  range.   A  multiple  evapora- 
tor system  is  one  in  which  two  or  more  evaporators  are  operated  from  one  compres- 
sor. A  multiple  compressor  system  is  one  in  which  one  evaporator  is  operated  from 
two  or  more  compressors.   These  compressors  may  be  either  in  series  or  in  parallel. 

MULTIPLE,  EVAPORATOR  SYSTEMS 

Multiple  evaporator  systems  are  installed  for  economy  and  to  save  space.   It  is 
cheaper  to  operate  one  compressor  to  control  the  temperature  of  two  or  more  evapo- 
rators than  to  operate  a  compressor  for  each  evaporator.  Also,  having  one  unit  that 
has  two  or  more  temperature  areas  takes  less  space  than  a  compressor  for  each  tem- 
perature area. 

Classifications  of  Multiple  Evaporator  Systems 

Generaiiv.  multiple  evaporator  systems  fail  in  one  of  two  groups:AFirst,  where 
all  evaporators  have  the  same  temperature.   This  is  the  simplest,  almough  not  the 
most  common  in  use.   Second,  where  each  evaporator  has  a  different  temperature. 
This  application  is  found  in  most  multiple  installations. 

Applications  of  Multiple  Evaporator  Systems 

Multiple  evaporator  units  are  often  installed  in  restaurants,  soda  fountains,  bars, 
'  meat  and  produce  markets,  and  other  places  where  the  use  of  more  than  one  refrigera- 
tion fixture  is  a  necessity. 

It  must  not  be  assumed  that  any  two  or  more  evaporators,  may  be  connected  in 
multiple  without  regard  to  size,  usage,  humidity  requirement,  temperature,  and  simi- 
lar conditions.   There  are  some  combinations  that  will  not  give  satisfactory  service 
and  must  be  avoided.    However,  there  is  no  concrete  information  that  will  apply  in  all 
cases,  but  there  are  certain  conditions  and  rules  that  must  be  followed  to  insure  a 
serviceable  installation. 

SINGLE  TEMPERATURE  EVAPORATOR  SYSTEM 

A  multiple  evaporator  system  may  be  operated  as  a  single -temperature  system. 
This  means  that  all  evaporators  will  have  the  same  temperature  range.  In  this  case 
the  needs  of  each  evaporator  will  be  controlled  by  a  single- pressure  control  or  thermo- 
stat. When  all  evaporators  have  been  satisfied,  the  compressor  will  pull  the  pressure 

1 


V 


in  the  common  suction  line  down  to  the  cutout  pomt  of  the  pressure  control.  (Figure  1 
illustrates  a  typical  single  temperature  evaporator  system.  )  The  pressure  control 
contacts  then  open  ^topping  the  operation  of  the  system.   As  the  pressure  builds  up  in 
the  evaporators,  it  also  builds  up  in  the  common  suction  line.   When  the  pressure  in 
the  common  suction  line  reaches  the  "oft -in"  setting  on  the  pressure  control,  the  pres- 
sure control  contacts  close  and  the  compressor  starts.  When  all  evaporators  are  satisfied 
the  compressor  shuts  oil  after  the  common  suction  line  pressure  drops  to  the  cutout 
poini  set  on  the  pressure  control.    This  is  a  continuous  process. 
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Figure  1.   Single  Temperature  Evaporator  System 


66 


Single  Temperature  Evaporator  System  Components 

Following  are  the  components  of  a  single  temperature  evaporator  system  and  the 
function  of  each  component  as  in  figure  1: 

1.  Compressor  -  Pressurizes  and  raises  refrigerant  temperature  above  ambient, 

2.  Condenser  -  Liquefies  refrigerant. 

3.  Thermostatic  Expansion  Valve  -  Meters  refrigerant'to  evaporator. 

4.  Evaporator  -  Refrigerant  absorbs  heat,  vaporizes,  and  flows  to  compressor, 

5.  Receiver  -  Refrigerant  reservoir. 

6.  Pressure  Control  -  Starts  and  stops  compressor  according  to  the  suction 
pressure  increase  and  decrease. 

Following  are  the  components  of  a  single  temperature  electrical  system  as  in 
figure  2: 

1.  Pressure  Control  -  Starts  and  stops  current  flow  to  the  compressor  motor. 

2.  Capacitor  -  Increases  starting  torque. 

3.  Thermal  Overload  -  Protects  the  compressor  against  damage  due  to 
overheating. 

OVERLOAD 


Figure  2.    Single  Temperature  Evaporator  Electrical  System 


4. 


Starting  Relay  -  Disconnects  the  start  capacitor  from  the  circuit 


5.  Evaporator  Fan  -  Forces  air  ;  ^ross  the  evaporator. 

6.  Condenser  Fan  -  Forces  air  across  the  condenser. 

7.  Run  Terminal  -  Connection  to  allow  current  to  flow  through  the  run  winding. 

8.  Start  Terminal  -  Connection  to  allow  current  to  flow  through  the  start  winding. 

9.  Common  Terminal  -  The  Connection  where  current  can  leave  both  windings. 

M ULTXTE M PERATURE^E  VA  PORATOR  SYSTEMS 

# 

The  successful  installation  and  operation  of  multiple  systems  requires  the  consid- 
eration of  each  application.   The  units  give  more  efficient  operation  when  installed 
close  to  each  other.    The  fallowing  suggestions  will  be  found  useful  as  a  guide.   Due  to 
the  large  number  of  possible  multiple  combinations  it  is  impossible  to  give  a  specific 
set  of  rules  and  expect  them  to  apply  in  ail  cases;  therefore,  it  must  be  understood 
that  there  will  be  exceptions  to  the^foilowing  rule's: 

1.    The  coldest  evaporator  must'comprise  more  than  half  the  total  heat  load.  If 
ihe  warmer  evaporator  comprised  the  largest  part  of  the  load,  the  condensing 
unit  would  be  operating  at  the  higher  suction  pressure  most  of  the  time.  The 
condensing-unit  would  not  be  able  to  bring  the  colder  box  down  to  ihe  correct 
^  temperature. 

?.    The  condensing  unit  must  be  selected  to  operate  at  the  lowest  suction  pressure 
of  the  coldest  evaporator.   Since  the  colder  evaporator  constitutes  the  major 
part  of  the  load,  the  compressor  will  be  operating  at  that  pressure  most  of  the 
time.   That  is  another  case  where  it  must  be  remembered  that  the  efficiency 
of  a  compressor  decreases  as  the  suction  pressure  decreases. 

3.  Each  evaporator  must  be  selected  for  a  given  temperature  and  humidity.  The 
selection  is  made  just  as  if  each  evaporator  is  connected  to  its  own  compressor 

4.  A  special  control  is  necessary  where  the  temperature  difference  between  the 
coldest  and  warmest  evaporator  is  more  than  5°  F,   This  control  must  be  either 

an  evaporator  pressure  regulator  or  solenoid  valve.   If  the  evaporator  tem- 
perature is  the  same,  but  one  refrigerator  is  used  more  than  the  other,  a  con  - . 
trol  should  be  placed  in  the  suction  line  of  the  refrigerator  with  the  least 
usage.  ?  * 

s 

5.  A  snap-action  control  must  be  used  if  defrosting  on  the  "off  cycle"  is  desired. 

6.  Connect  the  coldest  evaporator  closest  to  the  compressor, 

7.  A  check  valve  should  be  located  in  the  suction  line  between  the  outlet  of  the 
evaporator  and  the  common  suction  line  on  all  but  the  warmest  evaporator. 
Check  valve  will  prevent  warm  refrigerant  gas  from  flowing  into  a  colder 
evaporator  coil. 


8.  Thermostatic  expansion  valves  should  be  used  where  direct  expansion  evap- 
orators a.re  installed. 

9.  The  liquid  and  suction  lines  must  be  sized  according  to  the  need  as  if  ail 
evaporators  were  demanding  refrigerant  at  the. same  time,. 

» 

10.    A  multiple  system  will  operate  more  efficiently  when  the  temperature  differ- 
ence between  the  coldest  and  warmest  temperature  evaporators  is  not  more 
than  25°  F.  k 

Control  Valves  For  Multiple  Units 

When  two  or  more  evaporators  are  operated  from  the  same  compressor  and  the 
temperature  difference  is  greatar  than,5Q  F,  some  type  of  control  is  necessary  for  the 
warmer  evaporator.   To  accomplish  this  control,  two  types  of  control  devices  are  used 
in  various  combinations,  solenoid  and  evaporator  pressure  retaliating  valves. 

SOLENOID  VALVE  MULTITEMPERATURE  SYSTEM 

The  refrigerant  flow  in  this  system  is  controlled  by  solenoid  valves.   The  solenoid 
is  a  simple  electromagnet  consisting  of  a  coil  of  wire  which,  when  energized  by  an 
electric  current,  produces  a  magnetic  field  that  will  attract  ferrous  metals  such  as 
iron-and  alloys.   An  armature  (plunger)  is  placed  in  a  sealed  housing  with  the  coil 
placed  around  the  housing.   Each  valve  is  controlled  by  a  thermostat.   Each  valve  is 
wired  in  series  with  it's  thermostat  but  in  parallel  with  the  other  valves  and 
thermostats. 

Tvpes  of  Solenoid  Valves  v  1 

There  are  two  types  of  solenoid  valves,  direct  acting  and  pilot  operated.  They 
are  located  in  the"  liquid  lines,  before  the  thermostatic  expansion  valves  or  in  the  sud  - 
tion  hnes.   In  the  direct  acting, .  the  solenoid  coil  opens  the  main  port  directly  by  lift- 
ing the  valve  off  the  seat. 

The  pilot  operated  solenoid  is  used  on  large  systems.   In  this  valve  the  plunger 
opens  a  pilot  port  which  allows  pressure  on  top  of  a  piston  to  be  released  through  the 
pilot  port.   This  creates  a  pressure  unbalance  across  the  piston.    The  pressure  is  now 
greater  under  the  piston  than  above  and  the  piston  moves  upward^  opening  a  main  port. 
To  close  the  valve  the  piston  closes  the  pilot  port,  equalizes  the  pressure  and  the  main 
valve  closes. 

Principle  of  Operation 

Assume  that  ail  evaporators  are  warm  and  the  compressor  is  operating.  ^As  the 
temperature  of  each  evaporator  is  reached,  its  thermostat  stops  current  flowing  to 
the  solenoid  coil  and  the  valve  closes.  If  this  valve  is  located  in  the  liquid  line  it  will 
stop  refrigerant  flow,  but  the  compressor  continues  to  operate.   The  pressure  in  each 
evapotator  continues  to  go  down,  but  very  little  refrigeration  is  taking  place  because 
no  liquid  is  entering.    When  all  valves  are  closed,  the  compressor  pulls  the  pressure 
in, the  suction  line  down  to  the  cutout  point;  and  the  pressure  control  stops  the  system. 


When  the  temperature  of  either  evaporator' increases  to  the  cut-in  setting,  its 
thermostat  current  is  directed  to  the, valve  causing  it  to  open  so  refrigerant  can  flow  in- 
to the  evaporator.   (See  figure  3  for  a»tvpical  system.  )  When  the  evaporator  pressure 
causes  suction  pressure  to  rise  to  the  cut-in  point  on  the  pressure  control,  the  com- 
pressor starts.   After  the  ^vaporator  is  satisfied,  the  valve  closes,  the  suction  line 
pressure  drops  to  the  low-pressure  motor  control  cutout  point,  and  the  compressor 
stops.  / 

If  the  system  is  equipped  with^solenoid  valves  in  the  suction  line,  ihe  valves  will 
close  as  the  evaporators  are  ssffisfied.    There  is  very  little*  cooling  since  there  is  no 
refrigerant  movejnent;  however  the  compressor  operates  until  the  suction  line  pres- 
-     sure  drops  to  the  cutout  point  and  the  low  pressure  motor  control  stops  <he "compressor . 
Usually  an  accumulator  is  placed  in  the  suction  line  near  the  compressor  to  insure  that 
no  liquid  refrigerant  enters  the  compressor  when  any  solenoid  vaive  first  opens.  See 
figure  3A . 

Check  valves  allowing  free  flow  in  one  direction  and  none  in  the  other  are  installed 
in  the  suction  ime  of  all  evaporators  except  the  warmest.   When  the  solenoid  valve 
opens,  the  high  pressure  vapor  in  the  warmer  evaporator  would  back  up  into  the  colder 
ones  if  no  means  were  provided  to  prevent  it.    This  would  cause  a  warming  of  the  cold- 
er evaporators  resulting  in  a  loss  of  efficiency.  Then  they  would  all  call  for  refrigerant. 

There  are  several  important  factors  that  must  be  considered  when  using  solenoid 
valves  in  -multiple  systems.   These  are  receiver  size,  defrosting  of  the  coil  and  low 
pressure  motor  control-   The  receiver  must  be  large  enough  to  hold  the  entire  refrig- 
erant charge  in  the  system.   As  each  liquid  line  solenoid  valve  closes,  the  refrigerant 
is  pumped  out  uf  the  evaporator  and  returned  to  the  receiver.    When  the  solenoid  valve 
closes,  the  pressure  in  the  evaporator  will  continue  to  drop.    This  will  keep  the  evap- 
orator from  vanning  up  enough  for  the  coil  to  defrost.    The  low  pressure  control  should 
be  set  to  cut  in  and  out  for  the  pressures  of  the  coldest  evaporator.    It  will  then  operate 
for  the  warmer  evaporators. 

Solenoid  Valve  Selection 


The  type  of  control  application  requires  definite  information  concerning  the  valve 
sfcjection.   The  fluid  to  be  controlled,  capacitv  needed,  maximum  working  pressure, 
maximum  operating  pressure  differential  (MOPDh  and  electrical  characteristics  are 
factors  that  must  be  known. 

The  selection  of  a  valve  depends  on  whether  it  is  used  on  liquid  or  gas,  as  the 
specific  volume  of  a  gas  varies  with  pressure  and  temperature.    The  capacity  of  a 
valve  is  given  in  tons  of  refrigeration  with  a  2-4  psi  pressure*  drop  across  the  valve 
for  liquid  and  I  psi  for  gas. 

The  MOPD  is  the  pressure  against  which  the  solenoid  wifl  operate  the  valve.  This  r ^ 
pressure  is  measured  between  the  inlet  and  outlet  of  the  valve  when  it  is  closed.  The 
valve  rating  must  be  equal  to  or  better  than  the  maximum  operating  pressure  of  the 
system.   The  electrical  characteristics  include  voltage,  phasing,  and  cycles. 
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installation  of  Solenoid  Valves 

Most  solenoid  waives  are  closed  by  gravity.   As  a  result  they  must  operate  in  a 
vertical  position  and  must  be  placed  in  a  horizontal  line.   They  can  be  placed  in  either 
the  refrigerated  space  or  in  normal  ambient  temperature  areas,   A  strainer  should  be 
placed  in  the  line  ahead  of  the  valve.   The  valves  are  marked  with  direction  of  flow  and 
should  be  installed  in  the  right  direction. 

When  installing  a  valve  with  sweat  type  connections,  the  valve  should  be  taken  apart 
and  the  body  wrapped  in  a  wet  rag  so  that  the  valv^  will  not  be  warped.   However  you 
should  not  let  moisture  get  inside  the  valve. 

Solenoid  Valve  Malfunctions 


Should  a  solenoid  valve  fail  to  function  properly,  the  following  service  hints  indi- 
cate some  of  the  probable  causes  of  failure  and  suggestions  for  correcting  the  trouble. 


When  the  valve  fails  to  open,  check  for: 

1.    A  broken  wire  to  the  coil.    Isolate  the  solenoid  by  disconnecting  the  leads. 
Check  for  continuity  through  the  coii.   If  the  resistance  is  infinity,  replace 

the  coil. 


2.  System  operating  pressure  too  high.   Check  actual  pressure  differential  across 
valve  against  namepiate  MOPD  rating.   If  the  actual  differential  exceeds  the 
namepiate  rating,  a  valve  with  a  higher  MOPD  rating  must  be  used. 

3.  Valve  body  or  internal  parts  warped  due  to  excessive  brazing  temperatures  or 
excessive  wrench  torque.   Replace  damaged  valve  or  component  parts  as  re- 
quired.   When  threading  pipe  into  the  valve,  do  not  apply  pressure  either  by 
hand  or  bv  wrench  against  coil  housing  or  enclosed  tube.   Instead,  apply  wrench 
on  flats  provided  on  valve  body  for  this  purpose. 

4.  Dirt  or  sludge  causing  valve  to  stick.    Dismantle  valve  and  completely  clean 
interior  and  component  parts.    Install  a  strainer  with  a  mesh  adequate  to 
prevent  foreign  material  from  reaching  valve. 

5.  Low  voltage.    The  voltage  applied  to  the  solenoid  valve  coil  must  be  at  least 

8  5  percent  of  the  rated  namepiate  voltage.    If  voltage  is  found  to  be  lower  than 
that  value,  the  cause  of  the  voltage  drop  must  be  determined  and  corrected. 
Common  causes  of  voltage  drop  are  undersized  supply  wires,  other  load  con- 
nected in  series  with  solenoid  coil,  loose  connections,  and  faulty  control 
switches . 

6.  Coil  burnout.    Excessive  voltage  is  the  roost  common  cause  of  solenoid  coii 
burnout    Solenoid  coils  should  not  be  subjected  to  a  voltage  greater  than  10 
percent  above  the  rated  namepiate  voltage.    Prolonged  exposure  to  excessive 
ambient  temperatures  can  also  cause  coii  burnout.   If  the  valve  cannot  be  re- 
located in  a  space  with  a  more  reasonable  temperature,  the  use  of  a  special 
high  temperature  coil  is  advisable.  _ 
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When  the  valve  fails  to  close,  check  for: 

!.    Valve  body  or  internal  parts  warped  due  to  excessive  brazing,  temperatures  or 
excessive  wrench  torque.   Replace  damaged  valve  or  components  parts  as 
required. 

2.  Dirt  or  sludge  causing  valve  to  stick  open.    Dismantle  vaive  and  clean  all 1 
parts.    Install  a  strainer  to  prevent  a  similar  occurrence. 

3.  Electrical  circuit  closed  because  of  faulty  switch  or  relay  contacts, 

4.  ,  Congealed  oil  causing  valve  to  sti?k,    Refrigerant  oil  should  be  of  the  type  for 

the  temperature  range  of  the  system.  Th*«  is  especially  true  on  low-temper- 
ature applications  where  only  a  good  grade  of  low  temperature  oil  should  be 

used. 

SOLENOID  VALVE  MULTITEMPERATURE  ELECTRICAL  SYSTEM.     As  you  can 
see  in  figure  4.  the  electrical  system  for  the  solenoid  valve  muititemperature  system 
is  almost  identical  to  the  single  temperature  system.    The  only  difference  is  the  addi- 
tion of  a  terminal  block,  two  thermostats' and  two  solenoids.     The  thermostats  control 
the  temperatures  in  each  of  the  warmer  refrigerated  spaces.     The  thermostats  do  this 
bv  energizing  and  deenergizing  the  solenoids.    The  solenoid  valves  control  the  refrig- 
erant flow  to  the  evaporators  of  these  warmer  boxes.    The  refrigerant  flow  to  the  cold- 
est evaporator  is  controlled  solely  by  the  DPMC. 


EVAPORATOR  PRESSURE  REGULATOR  MULTITEMPERATURE  SYSTEM 

The  refrigerant  flow  is  controlled  by  evaporator  pressure  regulators  in  this  system. 
The  evaporator  pressure  regulator  (EPR  valve)  is  the  oldest  and  perhaps  best  known  of 
these  suction  line  controls.    Its  sole  function  is  to  prevent  the  evaporator  pressure  from 
falling  below  a  predetermined  pressure  for  which  the  regulator  has  been  set.    The  EPR 
maintains  a  constant  pressure  in  the  evaporator  coil.    It  may  be  used  on  a  multiple  sys- 
tem to  maintain  certain  minimum  pressures  on  individual  evaporators. 

Types  of  Evaporator  Pressure  Regulator  Valves 

The  tvpe  of  EPR  valves  are  direct  and  pilot  operated.    Following  are  specific  types 

in  each. 

1.     Direct  acting.    Metering  EPRs  operate  as  a  device  on  the  suction  side  of  the 
evaporator.    It  modulates,  opens,  and  closes  when,  the  pressure  in  the  evapo- 
rator varies  only  a  fraction  of  a  pound.   The  control  element  can  be  either  a 
diaphragm  or  bellows.    Figure  5  illustrates  a  system  using  this  type  of  EPR 
valve.   Snap-action  type  which  is  designed  so  that  a  decided  rise  in  pressure 
is  made  in  the  coil  before  the  valve  will  open.   This  type  is  used  on  an  evapo- 
rator where  defrost  on  the  off  cycle  is  desired.     It  is  either  fully  open  or 
closed.   It  does  not  modulate.   Thermostatic  EPRs  have  a  thermobulb  that  is 
attached  to  the  evaporator,  and  the  operation  of  the  control  is  by  the  tempera- 
ture of  the  evaporator  on  the  power  element.   This- type  can  be  either  modu- 
lating or  snap -action. 
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Figure  4.   Solenoid  Valve  Multitemperature  System 


Pilot  operated.   This  type  is  used  on  small  or  large  systems.  When  the 
pressure  in  the  evaporator  rises  above  the  pressure  setting  of  the  pilot, 
the  pilot  valve  opens  admitting  pressure  to  the  top  of  the  main  piston.  The 
piston  moves  down,  opening  the  main  port  allowing  the  evaporator  pressure 
to  drop  back  to  the  original  setting.   When  the  pressure  drops  below  the 
pilot  pressure  setting,  the  pilot  closes.  The  main  spring  closes  the  main 
valve  as  the  pressure  on  top  of  the  main  valve  decreases.    Thereby  evapo- 
rator pressure  does  not  fall  below  the  pressure  setting  of  the  pilot.  The  two 
tvpes  of  pilot  controlled  valves  are  internal  and  external.  The  internal  type 
receives  its  source  of  pressure  from  the  regulator  inlet  connection.   The  ex- 
ternal pilot  type  receives  its  source  of  pressure  for  pilot  operation  from  a 
line  connected  to  the  surge  drum  or  suction  header  on  the  evaporator  pressure 
regulator. 
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Figure  5,   Evaporator  Pressure  Regulator  Muititemperature  System 
Operation  of  the  EPR 

When  the  cutout  temperature  of  an  evaporator  is  determined,  'the  EPR  valve  is 
adjusted.   As  the  compressor  operates  the  pressure  in  the  evaporator  is  lowered. 
When  it  reaches  the  cutout  point  of  the  evaporator  the  valve  will  close.   This  stops  the 
flow  of  refrigerant  through  this  evaporator.   As  the  temperature  and  pressure  rises 
in  the  evaporator  they  rise  in  the  valve  forcing  the  valve  off  its  seat,    This  will  hold 
the  evaporator  pressure  constant  because  of  the  gradual  movement  of  refrigerant.  If 
the  gradual  flow  of  refrigerant  is  sufficient  to  make  the  pressure  in  the  common  suction 
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line  increase  to  the  cut  -in  point  of  the  motor  control,  the  compressor  will  oplrate. 
This  will  puii  the  pressure  down  to  the  cutout  point,   tf  there  is  a  rapid  evaporator 
pressure  increase  because  of  the  addition  of  a  high  heat  load,  the  valve  will  open  all 
the  way.  This  directs  the  evaporator  pressure  to  the  common  suction  line  where  it 
is  pulled  down  to  the  cutout  point  of  the  compressor.  The  valve  will  close  when  the 
evaporator  is  coid  enough. 

EPR  Valve  Selection  '; 

These  valves  can  be  selected  from  manufacturer's  catalogs.  These  catalogs  con- 
tain valve  capacity  tables.  Each  valve  is  listed  according  to  its  capacity  in  tons  of  re- 
frigeration.   Along  with  the  capacity  it  is  also  listed  for  pressure  drop  across  the 
valve.   This  means  that  refrigerant  enters  the  valve  at  one  pressure  and  leaves  the 
valve  at  a  lower  pressure.  The  difference  between  the  entering  and  leaving  pressures 
is  the  amount  of  pressure  drop  across  the  valve. 

The  EPR  valve  should  be  selected  to  operate  at  the  lowest  pressure  of  the  evapo- 
rator.  It  may  also  be  selected  for  the  type  of  refrigerant  used  in  the  system.   Be  sure 
to  select  a  valve  with  the  correct  fittings  for  the  system. 

Installation  Procedures 

The  reg-  'ators  should  be  installed  in  the  outlets  of  the  warmer  evaporators.  The 
valves  will  have  either  sweat,  flare,  or  flanged  fittings.  When  installing  a  valve  with 
sweat  fittings,  remove  all  internal  parts  and  wrap  the  remaining  parts  of  the  valve  with 
a  wet  cloth.  This  precaution  prevents  damage  to  the  valve  due  to  overheating  while 
soldering.   The  EPR  valve  may  be  installed  in  any  position  with  the  exception  of  the 
thermostatic  which  must  be  installed  vertically.  There  should  be  a  bypass  line  with  a 
hand  valve  installed  around  the  EPR  valve.  This  is  to  aid  in  pump  down  of  the  system 
without  disturbing  the  valve  setting  or  allowing  the  valve  to  interrupt  refrigerant  flow. 

Evaporator  Pressure  Regulator  Malfunctions 

If  an  EPR  valve  fails  to  function  properly,  the  following  service  hints  indicate  some 
of  thev  possible  reasons  for  failure  along  with  proper  steps  to  place  the  regulator  back  in 
operation: 

1.  A  regulator  stuck  in  the  closed  position  is  indicated  by  a  rise  in  evaporator 
pressure  and  temperature.   Dirt  or  foreign  material  in  the  regulator  may  be 
causing  the  piston  to  stick  or  bind.   Take  the  valve  apart  and  clean  the  in- 
ternal parts  thoroughly. 

2.  A  regulator  stuck  in  the  open  position  is  indicated  by  a  low  evaporator  temper- 
ature and  pressure.    Dirt  or  foreign  material  in  the  regulator  may  cause  the 
valve  to  remain  open.   Clean  internal  parts.  If  the  parts  are  worn—replace 
the  EPR  valve. 

3.  A  leaking  regulator  is  indicated  hy  a  suction  pressure  buildup.  The  valve  seat 
is  most  likely  worn  or  eroded;  and,  should  this  be  the  case,  the  valve  should 
be  removed  arid  replaced  with  a  new  like  item. 
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MULTIPLE  COMPRESSOR  SYSTEMS 

A  multiple  compressor  system  is  two  or  more  compressors  operating  on  one  evap- 
orator. The  compressors  may  be  connected  in  parallel  or  in  series.   Figure  6  illus- 
trates a  typical  multiple  compressor  that  is  piped  in  parallel.   This  unit  is  used  to  main- 
tain a  refrigerated  space  having  a  high  or  varying  heat  load.   It  can  be  used  in  air  con- 
ditioning,- refrigerated  warehouses  or  walk-in  boxes.     Multiple  compressor  systems 
are  also  used  to  obtain  uitralow  temperatures. 


GAS  EQUALIZER  LIME 


Figure  6?  Multiple  Compressor  System  Piped  in  Parallel 
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Multiple  Compressors  Piped  in  Parallel 

v 

Operating  a  refrigeration  system  with  several  compressors  and  one  evaporator  is 
not  new.  It  has  always  been  a  common  practice  to  use  two,  three,  or  even  four  com- 
pressors on  one  evaporator  in  ice  plants*    As  an  example,  a  100 -ton  ice  plant  may  use 
four  compressors.   In  the  winter,  three  of  these  units  could  be  shut  off  and  only  one 
operated.  Then  in  the  spring  as  the  weather  warms  up  and  the  demand  for  ice  increases, 
another  unit  can  be  started.   In  the  hot  summer  with  the  plant  operating  at  maximum 
output  ail  four  compressors  would  be  operating. 

Advantages 

Here  are  some  advantages  to  be  gained  by  using  multiple  compressor  units  on  one 
evaporator  space: 

1.  Partial  operation  in  case  of  failure  of  one  unit. 

2.  Economy  of  operation  at  low  loads. 

3.  Control  of  refrigeration  effect. 

There  are  many  warehouses  in  the  Air  Force  that  use  multiple  compressor  sys- 
tems.  These  warehouses  contain  thousands  of  dollars  worth  of  perishable  commodities. 
In  the  event  one  compressor  fails,  the  other  can  maintain  the  temperature  low  enough 
to  prevent  spoilage  until  the  malfunctioning  unit  can  be  repaired. 

The  second  advantage  is  the  economy  of  operation.   An  air-conditioned  theater  is  - 
;i  good  example.   Assume  the  maximum  load  is  75  tons,  and  the  system  is  equipped 
with  three  2 5 -ton  units.   On  a  hot  Sunday  aiternoon  with  the  theater  filled  to  capacity, 
all  three  units  would  be  operating.   However,  on  a  cool  weekday  with  only  a  few  cus- 
tomers, the  load  mav  be  25  tons  or  less  requiring  the  operation  of  only  one  unit  with 
i  savings  in  power  cost  and  equipment  usage.   A  check  of  summer  operating  time  may 
indicate  that  th^  third  unit  was  required  less  than  1/  10th  of  the  time. 

The  refrigeration  effect  can  be  maintained  in  this  theater  regardless  of  the  heat 
load.  One  2b-ton  compressor  cools  the  theater  on  a  coot  weekday.  As  the  heat  lo^d 
increases  the  second  compressor  cycles.   At  maximum  load  the  third  compressor 

cycles. 

Disadvantages 

1.  The  initial  cost  of  two  small  condensing  units  is  more  than  for  one  big  unit 
that  equals  the  capacity  of  two  small  ones.  It  is  cheaper  to  install  one  big 
unit  instead  of  two  small  ones. 

2.  There  will  be  a  small  difference  in  crankcase  pressure,   The  suction  pres- 
sure must  be  the  same  in  each  crankcase.   If  the  pressures  are  not  equal  the 
oil  will  collect  in  the  compressor  with  the  lowest  pressure.   This  will  cause 
the  other  compressor  to  fail  due  to  a  iack  of  oil.   This  difference  is  corrected 
by  using  equalizing  lines*   Gas  and  oil  equalizer  lines  are  connected  to  the 
crankcase  of  each  compressor.   The  gas  equalizer  line  must  be  installed 
above  the  maximum  oil  level.   The  oil  equalizer  line  must  be  installed  below 
the  irimmum  oil  level. 
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Figure  7.   Electrical  Components  fur  Multiple  Compressors  in  Parallel 


TEMPERATURE  RANGES 


The  tour  temperature  ranges  pertaining  to  refrigeration  are: 


High: 


32°  F  and  above 


Medium: 


32°  F  to  0° 


Low: 


0U  F  to  -4QU  F 


Uitraiow: 


40°  F  and  below 


There  are  problems  m  each  range  that  are  not  found  in  other  ranges.   In  the  high 
temperature  range  there  is  the  problem  of  condensation,  dehurnidification  and  conden- 
sate water  disposal.   Medium  temperature  range  gives  us  the  problem  of  automatic 
defrost  systems.   Automatic  defrost  sy&tems  are  not  needed  in  high  temperature  work 
and  cannot  be  used  on  uitraiow  temperature  systems.  To  heat  the  evaporator  coil  of  an 
ultraiow  system  above  32°  for  defrost  purposes  would  greatly  decrease  the  efficiency 
of  the  system.   In  low  temperature  refrigeration  work,  the  effectiveness  of  the  com* 
pressor  decreases.   This  is  due  to  the  fact  that  the  efficiency  of  the  condensing  unit 
decreases  as  the  suction  pressure  decreases. 

Uitraiow  temperature  refrigeration  systems  present  several  problems.     The  prob- 
lems become  more  critical  as  the  temperature  lowers.   Following  are  some  of  the  com- 
mon problems  encountered  in  the  uitraiow  temperature  work:,  insulation  requirements, 
refrigerant  requirements,  refrigerant  controls,  lubrication  requirements,  and  loss  of 
compressor   efficiency  due  to  volumetric  deficiency. 


The  use  of  uitraiow  temperature  refrigeration  has  increased  tremendously  in  the 
past  few  years.    It  is  used  for  food  processing  (freeze -dry)  and  operational  testing  of 
various  instruments,  such  as  electronic  equipment.    The  Air  Force  uses  uitraiow 
temperature  refrigeration  for  testing  of  instruments  and  simulated  flight  conditions. 

Insulation  Requirements 

As  the  difference  between  room  temperature  and  box  temperature  increases,  the 
temperature  difference  is  often  200°  F  or  more.   This  requires  10  to  12  inches  of  in- 
sulation. If  the  box  is  expected  to  hold  a  low  temperature  at  all  times,  it  is  best  to  use 
a  high -thermal  capacity  insulation  such  as  cork  or  foam  glass.   However,  if  yew  expect 
to  simulate  flight  conditions,  a  high  temperature  for  one  period  of  time  and  a  low  tem- 
perature for  the  next,  it  is  necessary  to  use  an  insulating  material  with  a  low-thermal 
capacity  such  as  "Ferrotherm, ,#  This  is  a  number  of  thin  sheets  of  steel  with  air  of 
Santocei  (silica  aerogel)  filling  the  spaces  between  each  sheet.   By  using  Ferrotherm 
it  is  possible  to  produce  temperatures  from  75°  F  above  to  75°  F  below  in  less  than  one 
hour , 
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Refrigerant  Requirements 

There  are  four  refrigerants  that\work  satisfactorily  in  ultraiow  systems.  These 
are  R-22,  R-13,  R-13B1  and  R-5G2./R-22  will  produce  a  temperature  of  -40° F  at  at- 
mospheric pressure.  *At  23  inches  of  vacuum  it  boils  at  -90°  F,   This  refrigerant  is 
used  very  often  in  meat  storage  cabinets  and  in  the  first  stage  of  the  cascade  system. 
R-13  is  the  best  refrigerant  obtainable  forVuse  in  the  first  stage  of  a  cascade  system. 
It  will  produce  a  temperature  of  -110°    at  atmospheric  pressure,  but  the  high  side 
pressure  is  very  critical.   The  high  side  pressure  is  100  psig  with  a  temperature  of  , 
-25°  F.   This  shows  that  when  using  R-13,  it  is  necessary  to  cool  the  condenser  with 
refrigerant.   R-13  has  a  pressure  of  520  psig  at  80° F  which  is  its  critical  temperature. 

Refrigerants  such  as  ammonia,  sulphur  dioxide,  and  methyl  chloride  cannot  be  - 
used  in  ultraiow  temperature  systems.   The  specific  volume  of  ammonia  and  methyl 
chloride  is  too  high,  and  sulphur  dioxide  will  freeze  to  a  solid  at  -98°  F  or  less,  R-12 
has  been  used  in  some  systems  to  maintain  a  temperature  of         F.   Its  specific 
volume  and  low  evaporator  pressure  (27  inches  of  vacuum  at  -100°  F)  makes  it  less 
acceptable  than  either  R-22,  R-13,  R-13B1  or  R-502,  * 

Ail  low  temperature  refrigerants, have  very  high  head  pressures.  For  this  reason 
pressure  relief  valves  must  be  installed  in  each  system  using  these  refrigerants. 

Refrigerant  Controls 

Ordinary  expansion  valves  are  n<  c  satisfactory  for  use  in  ultraiow  refrigeration 
installations.   The  excessive  superheating  at  the  bulb  location  makes  them  unaccept- 
able for  use  in  systems  with  a  temperature  less  than  -40°  F. 

Expansion  valves  for  ultraiow  temperature  systems  are  not  available  through  nor- 
mal supply  channels.   Various  manufacturers  will  furnish  cross -charged  valves  for 
ultraiow  temperature  work.   Each  valve  is  engineered  and  designed  for  a  specific  load, 
temperature  range,  and  application. 

Lubrication  Requirements 

All  haiqcarbon  refrigerants  have  a  tendency  to  remove  the  wax  from  the  oil  in  the 
system.    As  the  temperature  decreases,  the  tendency  of  the  wax  to  separate  from  the 
oil  increases.   When  the  wax  separates  from  the  oil,  it  will  "plug  upM  the  needle  in  the 
expansion  valve  giving  an  indication  of  a  "frozen"  expansion  valve.  . 

Oil  must  be  processed  especially  for  ultraiow  temperatures.   It  must  have  a  very 
low  wax  content  and  possess  lubricating  properties  at  very  low  temperatures.   The  use 
of  an  oil  separator  to  keep  the  oil  out  of  the  low  temperature  evaporator  will  help  mini- 
mize the  lubrication  problems. 


Ml 


IS 


7/ 


Volumetric  Deficiency 

There  must  be  some  space  between  the  top  of  the  cylinder  and  the  piston  head  when 
the  piston  is  at  top  dead  center.   This  space  is  known  as  "mechanical  clearance.  M  The 
gas  left  in  this  space  alter  the  compression  stroke  is  equal  to  the  head  pressure.  As 
the  piston  starts  down,  this  pressure  reduces  until  it  is  less  than  the  low  side.  As 
soon  as  the  pressure  in  the  cylinder  becomes  less  than  the  low  side,  the  vapor  from 
the  low  side  flows  into  the  cylinder.   The  lower  the  suction  pressure  the  farther  down- 
ward the  piston  must  travel  before  vapor  is  emitted  into  the  cylinder.   If  R-12  is  used 
(□  maintain  an  evaporator  temperature  of  -80°  F,  the  low  side  would  be  24  inches  of 
vacuum.   If  the  high  side  pressure  is  100  psig  and  unless  we  use  a  very  long  cylinder « 
the  pressure  in  the  cylinder  will  never  reduced  low  24  inches  of  vac\ium.   It  is  appar- 
ent that  it  is  impossible  to  get  -80°  F  temperature  using  R-12  and  a  single -stage  com- 
pressor.  The  compression  ratio  would  be  pver  30:1. 

This  problem  is  overcome  by  using  one  of  two  uitraiow  temperature  systems. 

TYPES  OF  ULTRA  LOW  TEMPERATURE  SYSTEMS 

Direct  Compounding 

In  this  system  the  compressors  are  connected  in  series.    One  compressor  will 
compress  the  refrigerant  and  discharge  it  into  the  suction  of  the  other.   The  pressure 
of  the  refrigerant  is  increased  by  the  second  compressor  and  discharged  into  the  water  - 
cooled  condenser     The  same  refrigerant  is  used  throughout  the  svstem. 

Cascading  ~*  4 

This  system  is  composed  of  two  complete  refrigeration  units  connected  by  an  inter  - 
.stage  heat  exchanger.    This  heat  exchanger  is  the  condenser  for  one  unit  and  the  evap- 
orator for  the- other.    The  evaporator  of  the  high -pressure  unit  removes  heat  from  the 
condenser  of  the  unit  that  reaches  ul^aiow  temperatures.    Two  different  refrigerants 

must  be  used  in  this  system. 

DIRECT  COMPOUNDING  ^ 

A  simple  direct  compounding  system  consists  of  two  or  more  compressors  in  ser- 
ies.  This  installation  gives  satisfactory  results,  but  the  addition  of  intercooiers  and 
subcoolers  will  increase  the  system's  efficiency  without  increasing  the  cost  of  opera- 
tion.  Of  several  arrangements  used  for  direct  compounding,  the  two  most  common  are 
the  mtercooler  and  subcooier  systems. 

Intercooier  Svstem 

The  intercooier  system  is  illustrated  in  figure  8.   The  first -stage  compressor 
draws  the  vapor  from  the  evaporator  through  the  heat  exchanger.   The  vapor  is  then 
compressed  and  discharged  to  an  intercooier  where  the  superheat  that  was  added  by 
the  first  stage  compressor  is  removed.  You  will  note  that  the  first  compressor  has 
reduced  the  volume  of  gas  approximately  one  -half,  resulting  in  the  requirement  for 
the  second  compressor  to  be  only  one -half  as  large  as  the  first  compressor. 
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The  cooled  vapor  from  the  intercaoier  is  drawn  into  the  suction  side  of  the  second 
stage  compressor  where  it  is  compressed  and  discharged  to  the  condenser.    The  size 
of  the  intereooler  is  critical.   If  the  vapor  is  cooled  enough  in  the  intereooler,  it  will 
condense  into  a  liquid  and  cause  a  liquid  lock  in  the  second  stage  compressor.  The 
liquid  refrigerant  ieavfc  the  condenser,  passes  through  the  heat  exchanger  and  then 
pack  into  the  evaporato},  completing  the  cycle.   The  use  of  heat  exchangers  to  reduce 
the  temperature  of  the  liquid  before  it  enters  the  evaporator  is  an  absolute  necessity 
in  this  type  of  refrigeration  system. 


TEV 


Ev APORATOH 


I  

 }     NEAT  EXCHANGER 

!    QQQgfiQ J 


*ATER  U*ES 


CONDENSER 


WATER  LINES  / 


Figure  8,   Compound  System  with  Intercooier 

Subcooier  Svstem 

The  subcooler  type  svsterji  is  shown  in  figure  9.    This  system  operates  on  the  prin- 
ciple that  the  cooler  the  refrigerant  when  it  enters  the  evaporator,  the  less  flash  gas 
wiii  be  formed.    The  purpose  of  the  subcooier  is  to  cool  the  hot  liquid  refrigerant  be- 
fore it  goes  into  the  evaporator.   Starting  at  the  condenser,  the  hot  liquid  refrigerant 
passes  through  line  C  where  part  of  it  goes  into  line  B  and  into  the  subcooier  to  be 
cooled.   The  rest  of  the  liquid  goes  down  to  line  A  to  the  expansion  valve  and  into  the 
subcooier  coil,     Here  it  evaporates  and  cools  the  liquid  refrigerant  in  the  subcooier. 
The  second  st;me  compressor  moves  the  vapor  from  the  subcooier  coil,  compresses  it. 


and  returns  it  Co  [he  condenser.    The  subcooied  liquid  refrigerant  leaves  the  subcooier, 
govs  through  the  expansion  valve  and  into  the  evaporate?  where  it  boils  and  turns  into  a 
vapor .   The  first ,-staire  compressor  removes  this  vapor,  compresses  it,  and  discharges 
it  into  rhe  second  compressor.    The  second -stage  compressor  completes  the  compres- 
sion and  discharges  the  hot  vapor  to  the  condenser,  completing  the  cycle.   Very  often 
this  tvpe  svstem  uses  i  Vr-tvpc  compressor  with  the  first -stage  compressor  twice  as 
iM'Mv  as  the  second.    This  type  compressor  requires  only  one  motor  and  eliminates  the 
problem  of  nil  level  equalizing. 


Figure  9.    Subcooier  System 

CASCADE  SYSTEMS 

I'lie  Aoru  cascade  means  "steps.  "  It  is  more  often  used  in  referring  to  a  type  of 
■*aierlaii.    The  water  tails  from  a  high  level  down  to  the  bottom,    Fails  of  this  type 
mmht  be  considered  two  separate  waterfalls.    This  is  the  same  with  a  cascade  refrig- 
-  ration  ^vstem.    U  is  two  or  three  independent  refrigeration  systems  operating  in  con- 
junction with  each  other  but  at  different  temperature  levels.    The  connecting  point  of  the 
sv  sterns  is  a  condenser  -evaporator .    This  unit  is  the  condenser  for  the  first  system  and 
the  evaporator  for  the  second. 
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There  are  <  wo  completely  independent  refrigeration  eycies  in  this  system.   It  has 
two  mam  advantages  over  the  direct  compounding  system;  (1)  there  is  no  problem  of  oil 
equalizing,  and  (2)  a  different  refrigerant  is  used  in  each  system.    R-13  is  usually  used 
in  the  low  temperature  cycle  and  R-12  in  the  high  temperature  cycle. 

Elementary  Cascade  System 

An  elementary  cascade  system  is  shown  in  figure  10.    The  first  stage  compressor 
'removes  the  vapor  iron)  the  low -temperature  evaporator,  compresses  it.  and  dis- 
charges it  into  the  condenser  -evaporator.     Here  it  is  cooled  and  condensed  by  the 
second -stage  system.    The  liquid  refrigerant  goes  through  the  expansion  valve  into  the 
evaporator  completing  the  cycle  for  the  first  stage  system.     Starting  at  the  condenser 
of  the  second -stage  system,  the  liquid  goes  through  the  expansion  valve  into  the  coil  in 
the  condenser -evaporator.     Here  it  turns  to  a  vapor  from  the  heat  of  the  first  stage 
system.   The  second  stage  compressor  removes  the  vapor  from  the  coil  in  the 
condenser -evaporator,  compresses  it,  and  discnarges  it  into  the  condenser,  com- 
pleting the  second  stage  cycle. 
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Figure  10.    Elementary  Cascade  System 
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T.wo  -Stage  Cascade  Svstem 

rht-  tw«>-stag'a  cascade  system  is  a  Refinement  over  the  elementary  system,  in  that 
x  tik'M  exchanger  has  been  added,    Thede  are  several  arrangements  of  thtf  two -stage 
system  as  far  as  the  location  of  the  heat  exchanger  is  concerned,  but  the  condenser- 
evaporator  must  aiwuv s  be  located  between  the  two  stages.    The  cold  vapor,  figure  11, 
from  the  evaporator  passes  through  the  heat  exchanger  where  it  is  heated  by  the  hot 
liquid  from  the  second  stage  system.     From  the  heat  exchanger  it  passes  to  the  first 
st;me  compressor  where  it  is  compressed  and  discharged  into  the  condenser -evaporator. 
Here.it  condenses  and  turns  to  a  liquid.    The  liquid  passes  through  the  expansion  valve 
into  the  tw^porator  completing  the  first -stage  cvcle.    In  the  second-stage  cycle,  the 
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Figure  11.    Two -Stage  Cascade  System 
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liquid  leaves  the  condenser  and  passes  to  the  heat  exchanger  where  it  is  subcooied  by 
the  cold  vapor  m  the  first -stage  system.   It  then  passes  through  the  expansion  valve' 
into  the  condenser -evaporator  where  it  turns  into  a  vapor,'  cooling  the  hot  vapor  in  the 
first -stage  system.    From  the  condenser -evaporator  the  vapor  passes  to  the  second - 
stage  compressor  where  it  is  compressed  and  discharged  into  the  condenser,  com- 
pleting the  second -stage  cycle. 

SUMMARY 

Multiple  evaporator  systems  are  found  most  often  in  restaurants,  soda  fountains, 
baps,  meat  and  produce  markets.   Although  multiple  installations  are  used  in  several 
different  applications,  it  must  not  be  presumed  that  anv  two  evaporators  may  be  con- 
nected in  a  multiple  system  without  regard  to  size,  usage,  humidity  and  temperature 
requirements. 

To  control  the  temperature  in  a  multitemperature  installation,  various  combina- 
tions of  valves  and  controls  must  be  used,  such  as  solenoid  vai  -s  and  evaporator 
pressure  regulating  valves. 

Solenoid  vaives  may  be  placed  in  either  the  suction  or  liquid  lines;  however,  if 
solenoid  vaives  are  used,  the  size  of  the  receiver  must  be  increased.   Check  valves 
must  be  used  to  prevent  the  vapor  in  the  warmest  e  vapor...  or  from  backing  up  into  the 
colder  evaporator. 

* 

Evaporator  pressure  regulating  vaives  are  designed  to  maintain  a  given  pressure 
in  the  evaporator.    They  are  used  in  the  suction  line  at  the  outlet  of  the  evaporator. 

There  are  four  different  temperature  ranges  in  refrigeration  work,  high,  medium, 
low,  and  uitraiow. 

Each  temperature  range  has  its  own  particular  problems,  but  uitraiow  temperature 
ranges  present  the  most  complex  and  critical  problems     There  are  two  ways  to  obtain 
very  low  temperatures:  direct  staging  and  cascading. 

In  a  direct  compounding  system,  it  is  necessary  to  use  the  same  refrigerant  but  in 
a  cascading  system  vou  must  use  a  different  refrigerant  m  each  side  of  the  system. 

-QUESTIONS 

1.     Name  and  explain  the  two  classifications  of  multiple  evaporator  systems. 


2.     Name  the  two  methods  of  controlling  the  temperature  in  multiple  evaporator 
systems. 
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When  is  an  accumulator  used  in  a  multiple  evaporator  system? 


4.     What  is  the  function  of  the  check  valve  in  the  system  ? 


3.     Name  two  evaporator  pressure  regulating  valves- 


6.     Kxplam  the  use  of  the  bvpass  line, 


Name  the  jour  temperature  ranges. 


8.     Whafcare  four  problems  encountered  in  ultralow  temperature0 


9.     What  are  the  two  methods  of  obtaining  uitralow  temperature 9 


10      What  is  the  main  purpose  of  the  subcooier  in  a  direct  compounding  system? 


o  .  s  ■: 
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11.  What  is  the  indication  of  wax  separation  in  ultraiow  temperature  systems  ' 

12.  What  is  the  purpose  of  equalizing  lines  on  a  multiple  compressor  system  * 
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COOLING  TOWERS 


OBJECTIVE 


This  study  guide  will  help  you  in  learning: 

*  Purpose  and  typos  of  cooling  towers. 

Major  components  and  construction  features. 
Purpose  <>f  bleed -off  and  makeup  features. 

*  K fleets  or  scale,  corrosion,  algae  and  turbidity  on  water  towers, 

*  Installation  and  maintenance  requirements. 


Cooling  towers  (see  figure  12)  are 
u^ed  to  cool  the  water  from  the  water- 
cooled  condensers  .of  refrigeration  and 
air-conditioning  systems.    The  hot  water 
from  the  condenser  is  pumped  to  the  top 
of  the  tower,  then  sprayed  on  a  distribu- 
tion deck  where  it  passes  through  holes 
and  falls  onto  the  wetted  deck.    The  coui 
water  fails  into  the  collection  pan  and 
the  evele  begins  ngain. 

Air  passing  through  the  tower 
evaporates  some  of  the  water,  The 
heat  of  evaporation  comes  from  the 
water  itself,  therefore,  when  the 
water  reaches  the  collecting  tank  at 
the  bottom  of  the  tower  its  tempera- 
ture is  10  to  18°  less  than  it  was  at  ther; 
top  of  the  tower.   The  smaller  the  drop- 
lets of  water  the  more  surface  area  is  \ 
exposed  to  the  action  *of  the  air  and  the 
faster  the  rate  of  evaporation.  The 
same  process  takes  place  here  that 
takes  place  when  a  swimmer  comes 
out  of  the  water.    As  long  as  the 
swimmer  is  under  the  water  ami  not  t 
in  contact  with  the  air,  he  is  relatively 

warm.  However,  whan  he  steps  out  of:  the  water  into  the  air,  evaporation  takes  place. 
The  heat  for  this  evaporation  comes  from  the  swimmer's  body  and  leaves  a  feeling  of 
being  cold. 


Figure  12.   Cooling  Towers 
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Figure  13.    Distributing  Deck  and  Fan 


A  basic  cooling  tower  (figure  14) 
consists  of  water  spray,  a  collecting 
pan,  drain  connections,  and  a  struc- 
ture of  iouvrers  or  solid  panels  which 
form  an  enclosure  or  spray  chamber. 
A  pump  is  provided  for  the  recircula- 
tion of  the  cooled  condenser  water. 
Most  cooling  towers  are  equipped  with 
an  adjustable  bleed -off  to  help  reduce 
scale  and  corrosion, 

Types 

There  are  two  types  of  cooling  tow- 
ers; one  is  the  atmospheric  or  natural 
draft  tower  whicji  depends  on  wind  ve- 
locity, the  other  is  the  forced  draft  type 
which  uses  a  fan  to  force  the  air  through 
the  tower. 


Figure  14.    Schematic  Diagram  of  a 
Natural  Draft  Cooling  Tcwer 
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NATURAL  DRAFT.    A  natural  draft  or  atmospheric  cooling  tower  is  dependent  on 
natural  air  movement  [h rough  its  structure  for  effective  operatiun.    This  type  tower  has 
kmvered  panels  on  all  four  sides  to  permit  the  wind  to  pass  through  the  spray  chamber. 
Structural  members  of  these  towers  are  usually  made  of  steel,  and  the  wetted  deck  of 
cvpress  or  redwood.     They  are  normally  used  for  small  refrigerating  systems  and  are 
always  located  outdoors.    To  permit  maximum  circulation  of  air  through  them,  they  are 
placed  a  good  distance  from  a  building  or  other  wind  obstruction.   All  atmospheric  tow- 
ers must  be  placed  away  from  wind  obstructions  to  obtain  the  benefit  of  prevailing  winds 
du  r 1 ng  t  h  e  su  m  me  r . 

Natural  draft  towers  art'  designed  for  a  3  to  5  mile  wind  velocity  and  are  selected 
io  cool  the  water  to  approximately  7°  above  the  wet  bulb  temperature.  The  amount  of 
water  circulated  throut;h  the  tower  spray  system  is  at  the  rate  of  5  gallons  per  minute 

per  ton  i»i  rptrigeration  required. 

FORCED  DRAFT  TOWERS.    Forced  draft  towers  are  equipped  with  solid  metal 
panels  on  all  four  sides  which  are  mounted  on  structural  steel  members  with  openings 
tor  flow  of  inlet  and  discharge  air.    Fans  are  located  either  at  the  inlet  or  at  the  outlet 
if  sprav  chamber  depending  on  manufacturer's  particular  design.    Normally,  forced 
draft  towers  are  used  on  large  refrigerating  systems  and  are  installed  either  indoors 
or  outdoors  in  any  convenient  space.  .  Indoor  installations  are  ne^r  the  outside  wall  to 
reduce  duct  work  to  and  from  the  outside.   Sizes  of  the  duwis  are  never  smaller  than 
the  openings  of  the  tower.    Restrictions  in  ducts  and  louvers,  and  sharp  or  square 
bends  are  avoided  since  they  reduce  the  airflow.-  Forceddraft  towers  are  selected  for 
the  same  wet  bulb  temperature.    The  amount  of  water  circulated  through  the  tower 
spray  system  is  at  the  rate  of  3  gallons  per  minute  per  ton  of  '.  efrigeration  required  . 
(he*-  figure  15). 

Regardless  of  whether  a  natural  convection  or  a  forced  convection  tower  is  used, 
an  a  verage  of  1.  8  gallons  ot  water  will  be  evaporated  per  hour  for  each  ton  of  refrig- 
erat  .on  capacity . 

Cot  iing  Towe  r  Components 

The  sprav  nozzles  are  used  to  distribute  and  atomize  the  condenser  water  to  the 
top  of  the  tower.    The  distribution  deck  further  distributes  the  water  over  the  wetted 
deck.   The  wetted  deck  made  of  redwood  or  cypress  slats  slows  the  water  flow  aiding 
in  evaporative  cooling  of  the  water.    Louvers  are  used  to  direct  the  airflow  through 
the  tower.    The  cool  water  falls  into  the  collection  pan  or  sump.   An  overflow  pipe  is 
installed  in  the  sump  to  reduce  water  spillage  and  can  be  used  for  bleed -off  control. 
The  bleed -off  line  may  also  ba  installed  on  the  water  line  from  the  condenser  to  the 
spray  nozzles.   The  float  valve  is  installed  in  the  water  makeup  line  to  start  and  stop 
the  flow  of  makeup  water.    The  water  circulating  pump  supplies  cool  water  from  the 
cooling  tower  sump  through  the  water-cooled  condenser,  to  the  spray  nozzles 
(figure  15). 

The  forced  draft  tower  has  a  fan  tn  force  air  through  the  tower  and  eliminators  to 
prevent  water  being  pulled  out  by  the  fan. 
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Figure  15.    Schematic  Diagram  of  a  Mechanical  Draft  Cooling  Tower 
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Cooling  Tower  Piping 

Condenser  water -circulating  piping  is  usually  of  galvanized  steel  pipe  and  cast- 
iron  fittings.   Sufficient  numbers  of  valves,  flanges,  and  unions  are  installed  so  that 
the  pump  and  condenser  may  be  disconnected  easily.    Gate  valves  are  used  in  the  lines 
since  they  offer  less  resistance  to  the  water  flow.    Globe  type  drain  and  vent  valves 
are  installed  at  ail  low  and  high  points  to  drain  or  vent  the  piping  system.  Muiticon- 
denser  svstems  have  valves  on  inlet  and  outlet  water  connections  to  each  condenser 
so  that  condensers  may  be  disconnected  without  interfering  with  the  one  ration  of  the 
rest  of  the  condenser  water  circulating  system.    Pipe  connections  to  the  cooling  tower, 
condenser,  and  pumps  should  never  be  smaller  than  the  inlet  or  outlet  connections  of 
the  equipment.    The  pump  inlet  connection  to  the  cooling  tower  pan  is  always  the  same 
pipe  size  as  the  fitting  on  the  pan  for  a  distance  of  5  feet  if  the  connection  is  vertical, 
and  for  the  entire  length  if  it  is  horizontal.   The  pump  inlet  connection  at  the  tower  pan 
is  protected  bv  a  wire  screen  to  prevent  debris  from  entering  the  piping  system. 

Cooling  towers  have  provisions  for  adequate  bleed -off  to  keep  down  concentration 
of  solids  in  water.   This  is  done  by  installing  a  bleeder  line  from  the  spray  nozzle 
header  to  the  drain,  similar  to  the  bleeder  line  on  evaporative  condensers.  Makeup 
water  replaces  the  water  that  has  been  lost  due  to  evaporation,  wind  drift,  overflow, 
and  bleed  -off 


30 


9 

ERIC 


Capacity  Control 

The  amount  of  heat  removed  from  the  condenser  may  be  controiled  by  one  of  the 
following  methods.  When  these  methods  are  used  together,  there  is  a  more  efficient 
control.     Figure  16  shows  the  three  main  capacity  control  systems. 

MODULATING  VALVE .   This  valve  is  operated  by  a  Series  90  electric  motor  and 
a  thermostat    The  thermostat  senses  the  temperature  of  the  water  leaving  the  con- 
denser.  It  has  an  insertion  type  sensing  element  that  is  installed  in  the  outlet  water- 
line  from  the  condenser.   The  thermostat  is  set  for  a  desired  temperature.   When  the 
condenser  water  temperature  rises  to  the  cut-in  setting  on  the  thermostat  the  bypass 
portion  of  the  valve  closes.   This  allows  the  water  to  flow  from  the  condenser  to  the 
tower. 

CYCLING  FAN.    In  this  method  of  capacity  control  the  cooling  tower  fan  is  cycled 
hv  a  pressurestat  that  is  connected  to  the  compressor  discharge  line.    When  the  dis- 
charge pressure  increases,  the  pressurestat  will  cycle  the  fan  to  the  on  position.  This 
removes  the  heat  from  the  water,  reducing  the  pressure.    When  the  discharge  pres- 
sure decreases  to  the  pressurestat  setting,  the  fan  is  cycled  off. 

MODULATING  DAMPERS.   These  dampers  are  located  in  the  tower  fan  discharge 
airflow.     The  operation  of  the  dampers  is  controlled  by  a  pneumatic  thermostat.  A 
pneumatic  damper  operator  positions  the  dampers  according  to  what  is  called  for  by 
the  thermostat.   A  remote  bulb  sensing  element  is  installed  in  the  collecting  pan  of  the 
cooling  tower.    When  the  condensing  pressure  increases,  the  tower  .water  temperature 
\  increases.   This  is  sensed  by  the  thermostat.   The  thermostat  sends  a  signal  to  the 

controller  to  open  the  dampers,   This  allows  more  air  to  go  through  the  tower  to  re- 
move the  heat.    When  the  temperature  is  reduced  the  thermostat  signals  the  damper 
operator  to  close  the  dampers. 

Cooling  Tower  Maintenance 

Cooling  towers  can  be  kept  clean  ahd  operating  efficiently  with  one  service  call  per 
month.    The  following  preventive  maintenance  procedures  will  guarantee  a  clean 
trouble -free  system.   It  will  be  noted  that  there  is  nothing  complicated  about  any  of 
the  steps.   All  of  the  following  steps  are  necessary  but  the  most  important  factor  to 
remember  is  that  thev  must  be  performed  regularly. 

SERVICE  PROCEDURES.    Following  are  procedures  for  servicing  cooling  towers; 

1 .  Keep  the  water  free  of  dirt  and  circulating  at  full  rate.     As  often  as  required, 
clean  out  any  clogged  spray  nozzleg  and  clean  slime  and  foreign  matter  from 
water  distribution  pan.   At  least  once  a  month  drain  and  flush  the  iiri  out  of 
the  cooling  tower,    Clean  ail  screens  and  make  sure  all  lines  and  pipes  are 
unrestricted. 

2,  Make  sure  bleed -out  *s  working.    Install  a  bleed  line  that  will  not  plug  up. 
Install  this  line  so  that  the  amount  of  bleed  can  be  measured  and  changed  as 
required.    Eor  most  systems  the  bleed  rate  should  be  two  gallons  per  hour 
per  ton.   If  the  equipment  is  large  or  if  the  makeup  water  is  exceptionally 
hard  it  may  require  the  use  of  a  water  chemist  to  determine4 the  correct 
amount  of  bleed. 
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Figure  16.    Cooling  Towrr  Capacity  Control  Diagram 
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The  requirements  for  sac  is  factory  bleed  are  as  follows: 


•  Flows  at  the  desired  rate  at  ail  times. 

Does  not  plug  up  or  reduce  rate  between  service  calls. 

*  Cannot  In?  easily  tampered  with  by  unauthorized  persons. 

Flow  rate  can  be  easily  measured  and  reset  as  required, 

'3.     Maintain  adequate  concentration  of  phosphates  in  the  system.    Phosphates  are 
primarily  used  to  control  the  formation  of  scale.     It  will  also  control  corro- 
sion, but  tarter  amounts  of  the  chemical  must  be  used. 

J      Keep  ai^ae  growth  controlled  by  adding  appropriate  aigaecides. 

Make  phvsicai  inspection  for  corrosion  so  that  corrective  steps  can  be  taken 
if  evidence  of  corrosion  is  found. 


'5      Determine  cleanliness  of  heat  transfer  surfaces,    Note  any  abnormal  increase 
in  head  pressure  or  temperature  which  may  indicate  fouled  up  heat  exchanger 
^  surfaces  or  water  piping. 

LOCATION  OF  BLEED  LINE.   The  bleed  line  should  be  located  as  illustrated  in 

t'itrure  17. 


Ore  or  both  points  A  and  B  must 
bp  hmher  than  the  water  level  in  the 
pan  to  prevent  the  water  from  syphon - 
nu>  out  when  the  system  is  not  running. 

Loa«'p  enough  clearance  between 
pipe  cap  and  drain,  so  quart  bottle  can 
be  used  to  measure  bleed  rate, 

Bleed  rate  can  be  measured  by  de- 
termining the  number  of  seconds  it  takes 
to  fill  a  quart  bottle.    Bleed  rate  in  gal- 
lons per  hour  equals  900"divided  by  the 
number  of  seconds  required  to  fill  the 
bottle. 


Figure  17.    Location  of  Bleed  Line 

Safety  Precautions 

When  work  is  being  performed  on  che  towr  all  electrical  switches  should  be  in  the 
off  position.     This  should  prevent  the  accidental  operation  of  units  during  maintenance 
Protective  clothing  should  be  worn  when  transferring  chemicals  from  their  containers 
to  the  feeders. 
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SUMMARY 


Cooling  towers  are  an  important  part  of  air-conditioning  systems,  and  if  taken 
care  of  rwiil  give  many  years  of  trouble-free  service. 

The  tvpes  of  cooling  towers  are  natural  draft  and  forced  draft  systems. 

Cooling  tower  piping,  types  of  fittings,  and  types  of  valves  must  meet  the 
requirements  for  the  application  of  the  system. 

A  capacity  control  system  onust  be  used  that  will  allow  the  system  to  handle  the 
maximum  refrigeration  load  and  also  operate  at  reduced  loads.   Capacity  control  is 
usually  provided  for  by  using  a  modulating  water  valve  that  is^ope  rated  by  head 
pressure ,  I 

Cooling  tower  rmUnte^iapce  and  service  procedures  should  be  followed  to  insure  an 
operational  system  with  as  little  downtime  as  possible.   This  can  be  accomplished  by 
correct  water  treatment  and  keeping  the  system  clean, 

QUESTIONS 

1.     What  are  the  two  types  of  cooling  towers? 


2.    At  what  wind  velocity  are  natural  draft  towers  designed  to  operate? 


3,     What  is  the  evaporation  rate9 


4.    What  is  the  purpose  of  the  bleed -off? 


\ 


5.    What  do  we  use  to  control  algae  growth? 
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6.    What  is  thfc  formula  used  to:  figure  bleed  off  rate? 


*  * 

* 

7.    Why  must  there  be  a  clearance  between  pipe  and  drain? 


9:  When  using  a  forced  draft  tower,  how  much  water  must  circulated  through 
v     the  tower? 


REFERENCES 
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1.  AFM  85-18,  %  Maintenance  and  Operation  of  Refrigeration,  Air -Conditioning, 
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2.  .Trane  Air -Conditioning  Manual 
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WATER  PUMPS 


•  .1 


The  installation  aha*  maintenance  of  centrifugal  pumps  are  your  responsibilities'. 
To  properly  maintain  an  enclosed  chilled  water. system,  one  must^e  able  to  service 
the  centrifugal  pun^p.    The  pump  moves  the  chilled  water  through,  the  system.  You  ' 
will  aisc  be  called  upon  to  service  the  centrifugal  pumps  used  .to  circulate  water  in  a 
cooling  tower  condensing  system.  , 

Centrifugal  pumps  may  be  either  single  or  double  suction. In-Wsingleisuction 
pump  the  water  enters  from  one  side  of  the  impeller  only.    In  the  double  -suction  type 
the  water  enter*  the  impeller  from  both  sides.  Centrifugal  pumps  may  also  be  classi- 
fied as  single  ormutfiple  stage.  By  staging,  we  mean  the  number  of  impellers-  the  wa- 
ter must  go  through' before  it  goes  to  the  outlet  of  the  pump.  In  a  three -stage  pump,  the 
first  impeller  woiild  pick  up  The- water,  put  it  in  motion  dnd  discharge  it  to  the  iaiet  of 
the  second  impe'lipr.  ThjB  second  impeller  adds  more  motion  to  the  water  and  passes 
it  along  to  th|  third  impeller.  The  third  impeller  adds  more  motion  to  the  water  and 
discharges  it  to  ttte  outlet  of  the  pump.  By  using  three  or  mote  stages  it  is  possible 
to  lift  water  100 -feet  or  more. 


Most  cei 
stage  type. 


pumps  used.  In  refrigeration  work  are  of  the  single  -suction  single  - 


Principle  of  Operation, 

•The  centrifugal  pump  utilizes  the 
throwing  force  of  a  rapidly  revolving 
impeller.  The  liquid  is  pulled  in  at  , 
the  center  of  the  impeller  and  is  dis- 
charged at  the  outer  rim  of  the.  impel- 
ler. .By  the  time  the  liquid  reaches 
the  outer  rim  of  the  impeller,  it  has 
acquired  a  considerable  velocity.  - 
The  liquid  is  then  .slowed  down  by  being 
led  through  a  volute  (a  gradually  widen- 
ing"channel  in  the  .pump  casing).  See 
figure  18.  As  the  velocity  decreases, 
the,  pressure  increases,  £t  is*  this 
pressure  shich  enables  the  {Jump  to  mor  e  fee  liquid. 


OJSCNAN 


PORT 


■UCTIOM  POUT 


VOtU 


Figure  18.  Simple  Centrifugal  Pump 


Centrifugal  Pump'  Characteristics 


A  centrifugal  pump  is  not  a  pcsitive  displacement  pump.  That  is,  it  will  not  de- 
liver the  same  amount  of  water  all  the  time.  In  fact,  one  of  the  main  characteristics 
of  a  centrifugal  pump- is  the  relationship  of  the  amount  of  water  it  will  deliver  against 
a  given  pressure. ,  A  centrifugal  pump  may  deliver  100  gallons  per  hour  at*20  psi 
pressure  but  as  the  pressure  Is  increased  the  pump  will  not  deliver  as  much  water. 


Each  centrifugal  pump  has  a 
pump  characteristic  curve  (see 
figure  19)  that  shows  the  quantity 
of  water  that  the  pump  will  pro- 
duce at  different  pressures .  You  t 
will  notice  that  as  the  pressure 
increases  at  100  pal*  the  gallons 
per  minute  r^deces  to  zero. 

The  pressure  against  which 
a  pump  can  operate  and  the 
amount  of  %ater  it  will  deliver 
at,  that  pressure  depends  direct  -* 
.  ly  on  the  .speed  of  the  impeller 


Three  factors  must  be  con- 
sidered when  seiecting'a  pump 
to  do  a  given  job.  , 

1 .    The  quantity  of  water  - 
delivered  varies  directly 
with  the  pump  speed. 
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Figure  19.  Pixmp  (paracteristii^ Curve 


<*Z,    The  pressure jieveiope^raries  as  the  square  of  the1  speed. 


The  horsepower^  required  varies  as  the  cube  of  the  speech  , 


For  practical  interpretation,  the  first  factor  says  that  if  the  speed  of  the  pump  is 
^  doubled,  the  amoont  of  water  delivered  |dii  also  be  doubled.  ■     .  . 

EXAMPLE:  Assume  the  speed  b$tae  pump  is  1, 000xrpm,and  the  water  is 
flowing  at  a  rate  of  75  gallons  per  minute.  Mow  increase  tfes  speed  to  2, 000 
rpm;  the  rate  of  waterflow  will  increase  to  150  gallons  per  minute . 

The  second  factor  says  that  if  the  speed. is  doubled  the  pressure  «iU  increase  four 
times.  *,  t 

V  •       '  ••  H 

EXAMPLE:  Assume  the  speed  is  1, 000  rpm  and  the  'pressure  developed  is 
20  psi.  By  increasing  the  speed  to  2,  OQP  rpm  we  inert ase  the  pressure  to  - 

80  psi'. . 

»  ,  -.  . 

The  third  factor  states  that  if  the  speed  is  doubled  the  horsepower  required  to  drive 


the  pump  must  be  increased  eight  times.: 


j. 


i 


V  EXAMPLE:  Assume  ws  can  use  a  ene -horsepower  mjojor  to  drive  a-pamp  at  a 
-  speed  of  1, 000  rpm  and  produce  a  pressure  oL20  psi  and  a  water*!©*  rate  of  75 
s  gallons  per  minute.  Now  increase  the  speed  of  2, 000  rpm.  The  water  fie*  rate 
will  increase  to  ISO  gallons*  per  minute  and  the'  pressure  will  increase  to  SO  psi  » 
must  use  an  eight -horsepower  motor  to  drive  the  R«mp..>  J   "   •   • '  • 


but 


,    ,  .     ' !        . "        v       *  *: .    -  • 

An  additional  characteristic  ia  that  centrifugal  pump*  are  oof  self  priming,  be-  * 
'  cauae  they  will  not  pomp  air.  Therefore,  the  pump  and  pipe  must  be  full  of  water 
before  the  pomp  {s  started.  FillingJhe  pump  prior  to -starting;  is  called  priming. 
Before  priming,  you  should  make  sure  ail  the  connections  between  the  pump  and  the  . 
water  in  the  well  are  airtight.    Remove  the  primiqg  plug  from  the  pump  and  fill  the 
/pump  and  pipe  .with  water.  Thiaunust  be  tone  slowly  so  the  air  in  the  pipe  has* 
chance  to  escape.  If  is  wry  obvwus  that  there  mQst  be  something  installed-  in  the 
end  of  the  pipe  to  keep  the  water  Jrom  running  out  as  fast  as  y°ii  put-  it"irv  This  unit 
is  a  foot  valve.  It  is  so  designee  to  allow  water  to  pass  through  it  from  the  well  to 
the  pump  but  will  close  if  the  water  tries  to  run  from  the  pump  back  into  the  well. 

«...  , 

Centrifugal  Pump  Components  - 

Every  pump  has  a  power  end.  •  This  is  usuafly  ani electric  motor.  The  motor  shaft , 
ia  connected  to  the  impeller  shaft  by  means  of  a  flexible  coupling.    The  -other  end  of  the 
pump  is  the  fluid  end.  This  consists  of  the  suction  port,  discharge  port,  the  volute  (of 
impeller  housing),  and  the  impeller.  The  impeller  skaft  must  be  properly  supported. 
Bearings  are  used  to  center  the  sha4»  and  allow  for  smooth  rotation.    To  keep  the  pump 
from  leaking  at  the  point  where  the%iaft  goes  through  the  housing,  packing  is  installed. 
This  packing  is  held  in  place  by  a  packing, gland.  * 

Head  Pressure^  m  ' 

*        '    >        '.  •  *' 

We  have  been  speaking  about  jhe  pressure1  that  the fjump  develops.  This  is. -known 
as  the  head  pressure,  it ^s  the  sumt^ai  of  the  following  pressures;  Pumping  head;" 
Static  head;  Friction  Head.  %  •    (    "  7 

*  PUMPING  BEAD.  Assume  you  had  a  pump  that  would  deliver  150  gallons /per  min-" 
ute  only  100  gallons  per  minute  is  allowed  to  flow.  The  pump  will  develop  a  given  pres- 
sure.   This  is  known  as  the  pumping  head  because  the  pump  must  operate  against  this 
pressure  before  it  can  deliver  any  water; ,  * 

„  n  STATIC  HEAD.    Tkp  purpose  of  any  pump  is  to  raise  water  from  one  level  to  an- 
other. A  pump  may  do  this  by  either  lifting  the  water,  pushing  the  water  or  a  combina- 
tion of  both  ways  (see  figure  20),  A  pump  cajmot  efficiently  lift  water  more  than' 22  feet 
It  carfpush  water  approximately  2  fept=per  psi  developed.  -The  distance  from  the  pump 
down  to  the  water  is  known  as  the  suction  lift  distance.  The  distance  the  pump  pushes 
the  water  above  the  pump  is  known  as  the  boost  distance.  The  static  head  ia  the  sum  of 
both  the  lift  and  boost  distance.  Let  us  assume  we  have  a  pump  located  at  the  top  of  a 
.ten-foot  well.  We  are  going  tp  pump  the  water  into  a  tank  J50  feet  above  the  ground. 
The  static  head  wculd  be  equal  to  the  weight  of  water  in  a  vertical  pipe  60 -feet  high. 
The  pump  must°  overcome  the  static  head  pressure  in  order  tptaove  the  water  from  the 
well  to  the  tank/  %  I 

*  *  * .  FRICTION^EAJD.    Any  time^ou  force  liquid  through  a  pipe  the  walls  of  the  pipe 
have  a  tendency  to.  restrict  the  flow  of  the  liquid.  The  pressure  required  to  overcome 
this  restriction  is  known  as  the  friction  heads    The  friction  head  is  equal  in  a  given 
pipe  regardless  of  whether  it  1*  installed  vertically  or4  horizontally.  It  is  obvious*  the 
longer  the  pips  and  the  faster  the  flow  rate  the  higher  the  friction  head'.  The  friction 
head  can  be  reduced  by,  using  pipes  with  a  large  inside  diameter  and  a  c Jean  smooth 
inside  surface.  *  1 


'A 


■CM  -Mi 


No- Delivery  Head 


Figure  20.  Static  Head 


f  '  ;if  the  discharge  Uoe  la  shut  off»so  that  no  water  is  being(deliver*6,  to*  puinpwili 
continue  to  sun  and  maintain  a  given  pressure  in  the  System*  This  pressure  is  fcnown 
*as  the  no'-deliv*ry  head. '  The  nondelivery  head  pressuro  is  normally  a  little  higher 
than  the  .pumping  head  pressure.  Centrifugal  pumps  wyj  not'  develop  enough  pressure 
to  he  dangerous.  However,  the  pump  should  not  be  allowed  to  run  for  long  periods  of 
time  with  the  discbarge  line  closed.  A  pump  *at  is  running  without  delivering  any 
wate^ias  no  load. 

*  -  •       *  *        £  39 '  **~  ■ 
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Instillation 


A  concrete  foundation  must  be  laid  before  a  centrifugal  puma  can  be  installed 
i  CO°^U  foundation  that  is  necesserVto>^  a  atr^tinough  ■ 

°?*V0  *TT  PUttP  *lbn^«m  *nd  maintain  alignment  of  the  pump  and  motor.  A 
,ooff-incn  clearance  ahouid  be  left  between  the  foundation  and  the  pumk-case    This  is 
'^^^Zlr^^^S'  Ft9  correct  sise  bolts  should  be  placed  in  the  concrete- 
before  tte  concrete  hardens/  A  drawing  or  template  should  be  used  in  locating  .the' 
bolts.  A  Piece  of.tape  witfaSliameter  2  1/2  times  larger  than  the  twS  is  p*eed<taf 

SaatSf  V;  ^  U  **"  t0  ail6w  rao™««£  <*  »•  b^s  And  toPaligS  the * 
f^L^T  ,^mo!°rl  A^»*hfr  l*  Plac«i  between  the  head  of  the  boU  and  the  pipe  to 
hold  the. bolt  in  placel  The  bolts  should  be  long  enough  to  stick  up  through  the  ra*  after 
the  sumo  has  been, installed.  .  Wedges  are  placed  near  the  center  of  the,  motor  and  pump 
sometimes  near  the  middle  of  the  bedplate.  The  wedges  provide  for  the  leveling  of  the 
bedplate  and  the  proper  clearance  for  grouting.  ■ 


X 


LEAVE  *  TO  i%  UNDEj?  BEDPLATE  FQR  GROUT 
WEDGES 


DAK 


ONCRETE  FOUNDATION 


LEAVE  TOP  OF  FOUNDATION  ROUGH,  AND  WET  BEFORE  GROUTING. 


Figure  21.  Pump  Foundation  - 

Tighten  the  foundation  bolts  evenly  and  fingjrtight  after  Use^wedges  have  been  ad- 
justed^ Be  sure  the  bedplate  is  stUl  level.  Final  tightening  of  the  foundation  bolts  is 
made  after  the  grout  has set  for  48  hours.       '  . 

fiemova^*   *  » :  ,       ' '  \  * 

The  pump  and  motor  asseinbly  may  be  removed  sifter  removing  the  nuts  from  the 
foundation  bolts.  Lift  the  assembly  from  the  bedplate.  If  only  the  motor  or  pump  U 
•to  be  removed,  unfasten  the  hoiddown  bolts  on  either  one.  Disconnect  tne  coupling  0 
and.  lift  the  unit  out.  ..  • 

-    •  •  '  4 


/ 
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INSTALLATION  OF  THE  FLEXIBLE, COUPLING 
Steelfftx  Collins  \         *  '  *  ' 

The  coupling  comes  in  two  pieces!  They  are  referred  to  as  halves.  Remove  the 
motor  holddown  bolts  and  slide  the  motor  back  to  increase, the  distance  between  the  * 
.  motor  and  the  pump  shafts.  SUde  one  of  the  halve*  on  the  pump  shaft  and  the  other  on 
•  the  .motor  shaft.  The  slot  key  is  used  to  position  the  two  halves/  Tighten  the  set- 
screws  to  hold  .the  halves  in  place.  •  The  halves, are  pushed  together  by  remounting  the 
'  motor.  Press  the  s  tee  if  lex  spring  inte  place  around  jthe  coupling  halves  as  shown  in 
figure  22 „  The  coupling  cover  comes  in  two  pieces.  Install  the  halves  in  the  rubber 
retainers  and  bolt  them  together. 


Figure  22.'  Steefilex  Coupling 


4 


ider  Insert  Type  Coupling 


•  Before  installing  this  coupling  the  motor  holddown  bolts  should  b**  removed  and  the 
motor  pushed  back  to  make  enough  clearance  to  install  the  coupling  halves,  -  one  on  eaclw^ 
shaft.    The  halves  may  be  secured  on  the  shafts  by  setscrews.  A  rubber  grommet  is 
placed  between  the  halves 'as  the  motor  istbeing  installed  and  the  halves  are  being  pulled 

together.    "  ,  .  %  v 

The  motor  and  pump  halves  can  be  brought  into  alignmlpt  by  adjusting  the  wedges 
and  tightening  the  pump  and  motor,  holddown  bolts.  Check  me  gap  and  angular  alignment 
on  the  coupling.  The  coupling  shown  in  figure  23  is  ^-"Spider  Insert"  type.  The  nor- 
mal gap  is  one -sixteenth  of  an  inch,  the  gap  is  the  difference  in,  the  space  between  the 
coupling  halves  and  the  thickness  of  the  spider  insert.^  Angular  alignment,  a  bend  in  the 
couplU*,  may  be  checked  by  using  calipers  at  four  point*? n  fee  outer  ends  of  the  coup- 
ling hubs,  at  90°  intervals  as  shown  in  figure  23. 


Figure  23.  'Checking  Angular  AlifnmAit  —  »        _  ' .  i 

When  the  measurements  show  the  ends  of  the  coupling  hubs  to  .be  the  same  distance 
apart  at  all  lour points,  the  unit  -will  be  In*  angular  alignment.  The  motor  holddown  boft* 
are  loosened  ana  the  motors  shifted  or  shimmed  to  obtain  gap  and  angular  alignment.  ■ 
The  bolts  are  tightened  down  aftsMhe  adjustments  have  oeen  made. ' 

/  Alignment  of  the  pump  and  m&or  v 
through  the  .flexible  coupling  is  very 
important  for  trouble-free  mechanical 
operation.  «.-  The  .following  steps  must 
be  followed'  U/staVt  alignment  of  the 
pumping -wit:  * 

t  *  .  ,V  ■ 

1. -  Tighten  the  foundation  bolts. 

•  * 

2.  Tighten  the  pump  and  motor  • 
holddown  bolts. 


3. 
4. 


5. 


Check  the 'gap  and  angular  adjustment. 


Figure  24.  Checking  Parallel  Alignment 


Check  parallel  alignment  by  laying  a  straightedge  across  Jpth  coupling  rims 
at  the  top,  bottom,  and  both  sides,  as  shown  in  flgtfre  24.  'flfcen  the  straight- 
edge rests  evenly  on  both  halves  of  the  coupling  at  each  side,  the  unit  will  be 
.in  horizontal  parallel  alignment.  Theuvertical  difference  oi  the  shafts  should 
be  measured  with  a  straigbtedga  and  feeler  gage.  To  establish  parallel  align- 
ment, thin  shim  stock  is  placed  under  the  motor  base.  Occasionally,  shims 
may  be  required  under  the  pump"  base.   •  -  , 

Caution:  Alignment  i&gpe  direction  may  alter  the  alignment  in  aaothe$. 
Check  through  each  alignment  procedure, after  taking  an  alignment  change.  - 


CoupUnf  Removal  .  ' 

The  spider  type  coupUnf  may  be  removed  by  using  the  following  steps: 

* 

'  1.    Loosen  the  holddbwn  bo  Us  on  the  motor  and  slide  the  unit  beck  enough  to 
expose  the  grommet.         >  .  ' 

2.  Remove  the  grommet.  This  exposes  the  end  of  the  shaft. 

3.  Use  s  wheel  puller  to  remove  the  coupling  halves.  This  forces  the  halves    "  / 
straight  off  the  shaft.  A  mallet  may  be  used  to  tap  the  halves  off;  . 

Stselfiex  CoupUng  "        '  '  \ 

Remove  the  coupling  cover  and  the  stee  If  lex  spring.    Slide  the  motor  back  after 
removing  the'  holddowrv bolts.  The  setscrew*  in  the  coupling  should  be  loosened.  Use 
a  wheel  puller  to  remove  the  halves  to  prevent  damage  to  the  shaft  or  bearings.  * 

*  P 

SUMMARY  .  -  ! 

m  * 

Centrifugal  pumps  consist  of  a  rapidly  rotating  impeller  in  a  casipg.  .The  purpose 
of  the  impeller  is  to  increase  the  velocity  of  the  water.  Hit  amount  of  water  mat  a' 
pump  can  doUver  depends  on  the  horsepower,  impeller  speed,  and  the  total  head  ■* 
pressure.  *        a  ■•*.**  % 

•  *  *  * 

Flexible  couplings  are  used  tp  connect  pumps  to  motors  and  to  eliminate  vibrations. 

.  *    *'  •  »  -  f . 

"  *  m  * 

questions  r 

I.    Define  the  following  terms  in  relation  to  centrifugal  pumps? 

m         *  '  <  «  - 

a.  Pumping  head 

b.  .    Static  head  ■  i 

c.  Friction  head  • 

Z,   What  is  meant  by  single-stage  pumps?  -  , 

,*    *  ... 


3,  •  What  is  meant  by  multistage  pumps? 
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f  * 

4.    What  is  the  purpoM  of  any  pump? 


i  i 


I 

i  ■  j 


 . 


a; 


5.    What  art  the  characteristics  of  a  centrifugal  pump? 


6.    What  are  two  types  ol  couplings? 


7.    What  instrument  is  used  for  paraUeVafcd  angular  alignment? 

j      ■   ,'  .  .  r 


A 


8.    Why  Joes  the  packing  permit  a  small  amount  of  water  leakage? 

1  .*         .  *     '  * 
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SJNGLE -TEMPERATURE  MULTIPLE  EVAPORATOR  SYStEM. 


OBJECTIVE 

*  •     ,  f  v  • 

1.  •  To  fdentlfv  single  temperature  multiple  evaporator  components, 


2.    To  identify  svstem^s  electrical  components, 

3..    To  trace  refrigerant  and  jurrenv  flow  through  the  system, 

4.    To' service."  adjust  and  operate^  single -temperature  multiple  evaporator 

„        system. '       '     .  ' 

'\  . 
'  PART  I 

\<    Use  the  schematic,  figure  1,  anci  ider  ify  the  major  components. 

2.    Write  what  each  component  does  in  rc  lation  to  the  system's  operation.  . 

•  C 

•   A  "  " 


f 


v  c 


D. 


3.    Show  direction  of  refrigerant  How  bv  using  arrows. 

-  ■-  >  ■  •  ■ 

4/    Draw  a  line  separating  thfr|j^gh  side  from  the  Low  side- 


V- 1  ' 


4  * 


PATvT  n  -*# , 


Use  (hessehematic  in  figure  Z  for  component  identujcati 


— 

.  .  .> 


Write  their  names  in  the  following  ^blanks  anH  state  their  purpose  beside -the  name. 
 1  ^  ;  ^  :    1  


A 


B. 
v 

C. 
D.  • 
E. 
F. 
G.  . 


>  * 


H. 


\  - 


r  ERIC 


I. 


— h 


s 


V. 


.}     ,  .  *  *    part  m  -'i  & 


PROCEDURE  r       '  *  s   *  .  *- 

Accomplish  ail  preoperational  checks  listed  below  prior, to  operation  of  the. trainer 


and  observe  the  listed  procedures  closely  during  all  operations. » 
If    Locate  trainer  assigned  Ay  instructor.  .  ' 

2.    Perform  preoperational  checks  for:  r  v 

>    a.   .Frayed  or  loose  wiring. 


f 


Refrigerant  line  connections  for  security  of  fittings. 
.  c.    Master  switch  for  of f  flosition.     ,  v 

f  »  •  •  ...»        .  % 

d.  Condcmser  {an  switch  for  off  position.^  ... 

e. -    Removal. of  all  obstructions. 


3,  Operational  safety  checks-  {  \         >  * 

a.  Wear  goggles*  while  installing  g&ges  and  adding  refrigerant.  - 

•  •  •..  ^      •  •- 

b.  Install  manifold  gages.     *  \ 

*c.    Place  Auction  andldischarge  service  valves  in  gage  position  and  open  king  valve, 
d.    Observe  manifold  gage  assembly  for  propter  operating  pressures. 

•  •  ;  . .      -  +  ■  s 

4,  Open  the  manual  bypass  valves  and  turn  thermostats  to  their  coldest  setting. 

NOTE:  T^it  will  bypass  the  evaporator  pressure  regulator  valves  and  the 
solenoid  valves  will  remain  open.  .  ^  4    -  %  (       )  4 

5,  Adjust  the  pressure  control  to  cut  in  and  cut  out  at  a  selected  box  temperature 
range.  *  *^  1  ^ 


a.  Cut-in    .  *  psi, 

b.  Cut-out  psi. 


6.    Opera*UJ*e  system 
?ck  the^fe 


7.    Check  th«pT)OX  temperature  w\th  a  thermometer. 
3.  v  Make  adjustments,  if  necessary,  to  maintain  temperature  nfa$e. 


V  so  / 

*  W  -  w  f 


When  the  pressure  in  the  common  3ut  tion  line  reaches  the /cut -out  point  on  the 


pressure  cpntol,  the  unit  will  ' 

-•».•,,  ,  — » 

It  starts  again?  v^an,  the  suction  pressure  reaches  pai. 

Have  instructor  check  your  work. 

Postope*ational  checks.  ,  • 

a.  Pump  the  system  down  using:  previously  taught  procedures. 

b.  Use-goggles  while  &aekseat|ng  service  valves  and- remove  manifold  gage  lines. 

c.  Check  all  switches  for  OFF  positions.  ^ 

Have  instructor  check  your  work'.     *  j  *  -] 


Checked  by 


o  ■  .  '  t: 


(Instructor) 

\ 


6 


•  *    s-  P      WB  3ABR$4530~Vl-l-P2 
'     A .'•.Se^pNOlD VALVE  ML ifrlPLE  EVAPORATOR  S\3TEJif  / 
OBJECTIVE 

1.    To  Identify  solenoid  valve  multiple  evaporator  components,  *  .  4 

2*.    To-identifyvS'ystem's  electrical  components,       ^  .  * 

3.  Toftrace  refrigerant  and  cur renMlow  jiirpu^i  the  system,,      •        •  v 

4.  »  To  service,  adjust  and  operate  a*  solenoid  valve  multiple  evaporator  system."  > 

.    •  '  %  •  y.  %  •  ■  ^  , parti     ;  x    ,:^vr     ..j  . 

X.    Use  tHe  s<Aematic\of  a  solenoid  valve  multitemperatur*  evaporator  system  in. 

figure  4,      .  '  '  •   ..         ,  .  ". 

2.    Identify  all*refrigeratioX system  components  and  write  their  names  In  the  blanks 

beipw..  '        -    .     •  «  "   \   ,  J 

v.  a. 


B. 


c. 


D. 


E. 


G. 


H. 


I. 
i 


v     ■  — ■■  i  - 

 e-^ — . 

->  f 

 •      n   '     1      '  i  r 

f 

> 

■ .  *  ^ 

•  /•• 

— - —                     *  "  — !  ;<.■  / 

»    •     "               *                                   "                                               V           »  v 

— —  ^  ■  —  ■     i  * — ^                                               V  .  • 

— ~  i    ■  • 

•  ; 

-  .  v 

 — — ■  \  

•  •  T    <>  • ' '  • 

'  _   1— 

\   -   ;  .  

.r       •  ■ 

\                                                   .  ,r 

•  •   .  '    ,'  !•  ••. 

— :  c_ 

■  • — "  • .  \ 

 :            V  *  '      :  ' 

 JL— 

I 

J 

3.    Show  the  direction  of  flow  by  arrows.       N  ".  *' .i 


 -■  k 


f 


V  v 


V 


•  Figure  4.  Solenoid  Valve  Muititemperature  System  (Liquid  Line) 
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PART  n  * 

Study  tfae  wiring  diagram  in  figura  4  of  SG  3ABR*54530-VI-1. 

S^JLh^1     " tn  5  ***  drtw  ^  conwc'ting  the  components'  for 

operation  and  current  flow.  ,  ,.  -  * 

.        .  \  . 


THCWXOSTAT 


OVCHLOAO 

o 


1  CiMtMAL  ttOCK 


L2 


iSOUNOIO 


Figures.  Solenoid  Valve  JtyAtitejnperature  Electrical  System  , 
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c         PROCEDURE  * 

Accomplish  all  preoperational  checks  lilted  below  prior  to  operation  of  the  trainer 
and  observe  the  listed  procedures  closely, during  ail  operations. 

•  •  ■     »  #  * 

.1. '  locate  trainer  assigned  by  the  instructor  v 

* 

f      2.    Perform  preoperational  cheek  for: 

■  a  -N 
4     .         a.  'Frayed  or  loose  wiring. 

*        . '  b.  *  Refrlgerant^in^  connections  for^ecurity  of  fittings.  v 

c.  Master  switch  for  off  position.  . 

d.  Clearance  of  all  obstructions.      i  - 

3.  Operational  safety  checks.  .  • 

*.**■« 

a.    Wear  goggles  while  connecting  gages,  and  adding  refrigerant. 

/       ■     '  < 
b>    Install  manifold  gages. 

*  *  '  ■       . «  ■ 

,     **        c..  .  Place  suction  and  discharge  service  valves  in  gage  position  and  open  king 
valve. 

/  >  ■ 

3     'd.    Observe  manifold  gage  assembly  for  proper  operating  pressure. 

4.  Open  the  manualt  bypass  yalve. 

NOTE:  This  will  bypass  the  evaporate  •  pressure  regulator  valves. 

5.  Service  the  system  for  operation.  0  t 

*  '  a '  * 

6.  Adjust  the  thermostats  and  pressure  -control  for  desired  box  temperatures. 

«■  •  •  . 

a.    Box  #1  °F  '  ^ 

* 

1        b.    Box  '  °F       .      "   N  >  • 

c.    Box  #3  '     °F.  , 

7.  Operate  the  trainer.  •  •  •  K  t 

8.  Have  t>e  instructor  check  your  trainer  when  it  cycles  on  the  c or rec temperatures. 

i  /  . 


II 


lis  ; 


v 


« 


9.    Postoperationai  checklist. 

'    •*         v    •       .*'.-..     .  '    '  -     *    '  '  v « -  '<'i' 

a.  Disconnect  source  of  electrical  power'.  •  *  ' 

b.  Pump  system  down  using  previously  taught  procedures." 

c .  Use  goggles  while  backseating  service  valves  ami  remove  manifold  gage  lines, 

d.  Check  all  switches  for  OFF  position.  / 
10.    Have  instructor,  check  your  work. 

-»  •  t  » 

^    /  '  « 


';■  Checked  by 


(instructor) 


•r 


11  n 


12 


ERIC 


^  EVAPORATOR  PRESSURE  RJEGUtA TOR  Ml  LTTPLE  EVAPORATOR  SYSTEM  ' 
OBJECTIVE  •  ^  .     ■"'  '  •       s  * 

.    t.\  To  Identify  System's  components,  % 
.  3. 1  To  trace  refrigerant  flow  throt&h  tht  s  -item,  t  ' 

3.  |  To  service,  adjust  and  operate  an  evap  orator  pressure  regulator  multiple  4 

;/ evaporator  system.  ,  ' 

*  *•••„-  _ 

PART  I        .  V  •        '  t  * 

1.  Use  the  schematic  of  the  E PR  valve  system  in  figure  6. 

•  * .  •  ™ 

2.  Write  the  names  of  the  components  from  the  schemata  in  the  blanks  below  ' 
State  their  purpose.  .• 


A. 


.  b.   .   ;  \ 


c. 


D.  - 


r 


/ 


E. 


G. 


H. 


I. 


\ 


'  3.    Draw  arrows  showing  direction  of  refrigerant  flow. 


PROCEDURE  '  r      •  *  " 

»d  ^™  ^5^JS^J^ ifi't  ^tow^rior'to  oprafioa  of  the  t«iMr 

procedures  closely  during  ail  operation!.  - 

1.  Locate  trainer  assigned  by  instructor,  ,    "  • 

2.  Perform  preoperational  checkfi  for:  '*'.'  - 

*  < '  .  o  * 

a.    Frayed  *br  loose  wring".  *'  ' 

:    b-    Refrigerant  Une  connections  for  security  of*conneetio'ns.  "' 

c.  Master-switch  for  off  position.  !  > 

d.  Clearance  of  ail  obstructions.  '  _    ..  '  '  V  - 

3.  Operational  safety  checks.  ' 

a.  Wear  goggles  while  *4mecting  gages,  and  adding  refrigerant.    *  * 

b.  Install' maaif old  gages.  :  "N 

c.  Place  suction  and  discharge  service  valves  in  gage  position  and  open  king  valve; 

d.  Observe  manifold  gage  assembly  for  proper  operating  pressure.  > 

4.  .  Turn  thermostats  to  their  coldest  position.  '  , 
NOTE:  This  keeps  the  solenoid  valves  in  the  OPEN  position. 

5.  Service  the  system  for  operation. 


■  ** 

n    -  .  •  % 


6.    Adjust  the  EPR  valv.es  and  ijiotor  control  for.desired  boa  temperatures. 


* '  a.    Box  #1  *  ,  °f  s 

v.      >*  .      .   -r— o 

b.    Box  #2^        °rv,      oF.  s 


c.    Box  #3      *      * Op 


*?.    Operate  the  trainer,       »;'  <  • 

8*  -  JJJJiJj  taatructor  check        trainer  as  it  cuts  outsat  designated  temperature 


mi       .  /  , 


*  A 


,10. 


Postoperatiua  checks.  , 

••-V. "...     ,  '  ; 

a.  Disconnect -electrical  supply. 

t 

b.  Pump  sv^tem  down,  using  proper  procedures, 

c.  Use  goggles  while  backseating  service  valves  and  remove  manifold  gage  line. 

d.  Check  ail  switches  for  OFF  position. 
Have  instructor  check  your  work.  .  '    .  < 


r 


Checked  by 


(Instructor) 


C 


WB  3ABR54530-VI-1-P4 

MULTIPLE  COM PRI  SSOR  SYSTEMS 

OBJECTIVE 

1.  To  identify  system's  components,  '  .       f  ' 

2.  To  trace  refrigerant  and  electrical  flow  through  the  system, 

3.  To  service,  adjust  and  operate  a  multiple  .compressor  system. 

PART  1/ 

.   MULTIPLE  COMPRESSORS  IN  PARALLEL 
1.    Use  the  multiple  compressor  system  schematic  in  figure  7, 
3.    Write  the  name  and  purpose  of  each  unit  .n  the  blanks  below: 
A.  '       .  * 


3.    Draw  arrows  showing  direction  of  refrigerant  flow  through  the* system. 


18 
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MULTIPLE  SYSTEM  ELECTRICAL  DIAGRAM 

This  project  will  -give  you  practical  experience  in  tracing  the  flow  of  current 
through  the  multiple  compressor,  iri  paraiter  electric^  V  ™ 

■  •  « 

1.    Study  the  wiring  diagram  in  figure  8 -of  SG  3ABR54530-VT-1. 

2*    c^ranl  flow'  14  ^  draW  UneS  COri,ectin«  components  "for  correct  operation 

3?    Have  the  instructor  check  your  work.  ' 


*  1 
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Figure  8.   Electrical  Components  for  Multiple  Compressors  in  Parallel 
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~2        PART  m 


MULTIPLE  COMPRESSOR  TRAINER 

t  * 

Preoperational  Checks: 

1.  Remove  all  jewelry. 

2.  Disconnect  ail  power  cords.  • 

3.  Ail  switches  in  the  OFF  position.  r 

4.  Check  for  frayed  and  loose  wiring. 

Operational  Procedures:  .' 

1.  Check  condenser  fan  pressuretrol  for  correct  settings. 

2.  Open  equalizer  lines  shutoff  valves. 

3.  ,  Check  DPMC  for  proper  settings. 

4.  Adjust  thermostats  to  maintain  desired  evaporator  temperatures. 

5.  To  switch  lead  compressors,  readjust  thermostat  settings  opposite  as  done  in 
step  4.  * 

"  ,• 

6.  Put  on  goggles  and  install  manifold  gage  assembly. 


r 


lis 
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.  7.   Gage  service  valves  and  open  king  valve. " 

8.  Connect  power  cord  to  receptacle. 

.     •    '    '  '  '.J  '  V 

9.  Tura  on  ail  switches. 

10.  Observe  manifold  gage  assembly  for  propfer  operation. 

11.  Check  sight-glass  for  bubbles.        •  • 
Poatoperation  Checks: 

1.  Close  kins  valve. 

2.  After  un>t  is  pumpfcd  down,  remove  manifold  gage  assembly. 

3.  Turn  off  all  switches.  . 

4.  Disconnect  power  cow.-  ^ — —  r 

* 

5.  Return  all  equipment  to  its  proper  place. 
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PART  IV 
COMPOUND  SYSTEMS 


1.  ^  Use  the  Intercooler  compouafi  system  schematic,  figure  9. 

2.  Identify  the  units  and  write  their  names  in  the  blanks 

7  ;'■ 


a. 
b. 
c. 
d. 


e.  • 


L 

«' 
h. 

i. 
J. 


3.  Tell  if  the  temperature  and  pressures  are  high  or  ipw  in  the  following  statement. 
■     a.    When  the  refrigerant  leaves  the  first  stage  compressor  its  temperature  is 

■  and  its  pressure  is 


b.    When  the  refrigerant  leaves  the  intercooler,  will  the  temperature  and  pres- 
sure be  higher,  lower,  or  equal  to  what  they  were  on  entering  the  intercooler? 


(1)  The  temperature  .is 

(2)  The  pressure  is 


I.  .  Use  arrows  to  trace  the  flow  of  refrigerant  through  the  system 

*     .    '  ;  V 


Figure  9.  Compound  System  With  Intercooler 

25 
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<*  5.    Use  the  compound  subcooler  systeil  in  figure  10. 

«    «.    Identify  the  components,  and  write  their  names  and  purpoae  In  the  blanks. 


a. 


IS- ' 


7" 


d.  < 


f; 


h. 


i. 


7.    Use  arrows  to  Indicate  the  direction  of  refrigeranf  flow. 


4 

9  t 


■■i 


4. 


V. 


Figure  10.  Compound  System  With  Subctwler 

27  . 


A?  3 


.eric: 


4    '      *  v- 


^  « 


J^ART  m  "  ,  " 
CASCADE  SYSTEMS  • 
X.    Use  the  elementary  cascade  system  schematic  in  figure  U . 
2.    Identify  the  units  and  Vrite  their  names  in  the  blanks.  * 


a. 


3.    Use  arrpws  %o  indicate  the  direction  of  refrigerant  flow. 


..  ...-■v*  - 


• 

* 

b. 

1~~ 

* 

\ 

c. 

0 

« 

d. 

* 

•o-e. 

1 

f. 

f 

1 

■  # 

«• 

-FT—— 

i. 

# 
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4.  Using  the  two-stage  cascade  systtm  in  figure  12  .*' 

5.  Identify  the  major  oonipoaipU  and  write  their  names  in  the  blanks. 

v  ;*  ^     :   **  ~ 

b.  •  7 


.  i 


i. 

i. 


6.    Use  arrows  to  indicate  direction  of  refrigerant  flow. 


r 
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^  WB  3ABR54530-VI-2-P1 

EVAPORATIVE  COOLING  TOWER  COMPONENTS 

-PART  I 

«  *  t 

OBJECTIVE  ;       /  J 

,M  .1.    To  identify  ail  major  system  components. 

2<    Use.  the  schematic  of  the  cooling  tower* in  figure  13. 

.  3-    Write  the  names  of  the  components  from  the  schemaftc  in  the  blanks  below 
.  State  their  purpose. 

COMPONENT  PURPOSE 

b.  .  

 .  —   i±  

c-    ^  ;  '  _^   »  -, 

d.    ' 

r 

e.   

f.   --• 

g.  '  _^   - 

h.  

i.   '.  _  -  • 

i.    .  •   

k.  -  ' 


-  7 


32 


f 


& 


PAR*r  n  • 

3.    Using  figures  M  and  1 5  indicate  the  flow  of  airanW/fiow  of  water  througirthet  * 
cooling  towers.  1  ^  1 

a.  airflow  r  v 

.  ..    .  \      _        '  ^    ;    .  ^ 

b.  waterfiow  *         '  '  /  .  *  s  > 

4,    Have  the  instructor  check  jroux^  work.  x  * 


V 


Checked  by 


(Instructor) 


f 


I 


1 4  0 
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WB  3ABR54530-VI-2-P2 
BLEED -OFF  AND  MAKEUP  WATER  REQUIREMENTS 

OBJECTIVE 

*  •  ■ 

To  determine  bleed -off  and  makeup  water  requirements. 

the  ^Guide^  S*ntenC*3  bel?w  most  correct  response  from  information  in 

1 .  For  most  systems  the  bleed  zfete  should  be^  gallons  per  hour  per 

ton.  ■  - 

2.  Makeup  water  replaces  the  water  that  hasten  lost  due  to  » 

!   .  >  j   and  * 


3*    ^e  _  valve  ip  installed  in  the  water  makeup  line  to  start 

and  stop  the  flow  of  makeup  water. 
4.    Leave  a  clearance  between  bleed -off  line  and  drain,  so  a 


can; be  used  to  measure  the  bleed  rate. 


5.    Bleed  rate  can  be  measured  by  determining  the 
.   it  takes  to  fill  a 


6.    Bl|ed  rate  in  gallons  per  hour  equals  _   \  divided  by 

the"   required  to  fill  a  • 


The  bleed  line  must  be  located  higher  than  the  water  level  in  the  sump  to 

prevent  the  water  from  -   out  when  the  system 

 «2-  running. 


Checked  by  

(Instructor) 


i 
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WB  3ABR54530-VI-2-P3 

> 

"EVAPORATIVE  COOLING  TOWER  CAPACITY  CO^TIjdL 

OBJECTIVE 

70  tracethe  flow  of  water  through  the  coolin?;  tower  capacity  control  system. 

Complete  the  statements  with  the  correct  words  in  the  blanks  from  the  information 
on  capacity  control  in  the  study  guide. 


1.  The  modulating  valve  is  operated  by  a-  

motor  and  thermostat.  . 

* 

2.  When  the  water  temperature  deer ea  *es,  the  valve 


electric 
the 


waterline  from  the  tower  to  the 


3;    When  the  condenser  water  tempera*  ire  rises  to  the  cut-in  setting  on  the 
thermostat  bypass  portion  of  the  va  ve  '  


4.  The  cooling  tower  fan  is  cycled  by  r  pressurestat  that  is  connected  to  the 
compressor  m  line. 

5.  When, the  discharge  pressure  increases,  the  will 

cycle  the  fin  to  the  position. 

6.  When  the  discharge  pressure  decreases  to  the  pressurestat  setting,  the  fan  is 
cycled    . 

7.  Thp  modulating  dampers  are  located  In  the  towr  fan  airflow. 

8.  A  remote  bulb  sensing  element  is  installed  in  the  

of  the* cooling  tower. 


9.    When  the  condensing  pressure  increases,  the 
increases. 

10. ,  The  thermostat  sends  a  signal  to  the  


temperature 


to  open  the  dampers. 


Checked  by 


(Instructor) 
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•   WB  3ABR54530-V1-3-P! 
.  IDENTIFICATION  OF  CENTRIFUGAL  WATER  PUMP  COMPONENTS 
OBJECTIVE  , 

To  list  the  names  and  give  the  function  of  each  numbered  portion  of  the  centrifukai 
pump. 

* 

Locate  each  numbered  item  on  the  pump  trainer.  List  the  proper  nomenclature 
and  function.  ■  " 


1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

i 

10. 


NOMENCLATURE 


7 

FUNCTION 


f 


Checked  by 


(Instructor) 
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WB  3ABRMW0-VI-4-W 


AUGN  FLEXIBLE  COUPLING  UHNG  DIAL 


OBJECTIVE 


Using  a  centrifugal  pump  trainer,  dial  Indicator  and  accessories,  align  tat  flexible 
eouplinga  to  given  condition*.  r 

NOTE:  There  art  two  types  of  misalignment  encountered  wits  flexible  couplings:* 
angular  misalignment  in  which  the  shifts  are  not  parallel,  and  parallel 
misalignment  where  the  shafts  are  parallel  but  not  on  the  same  axis.  See 
figure  16".   « 


STRAIGHT  EDGE 


3  6 


wedge  or 

THICKNESS  GAUGE 


PARALLEL  MISALIGNMENT 


ANGULAR  MISALIGNMENT 


STRAttftT  CMC 


PERFECT  ALIGNMENT 


PROCEDURE  \ 
1.    Instructor  will  issue  dial  lnil 


Figure  16 


<: 


cator  and  accessories. 


NOTE:   The  dial  indicator  is  a  precision,  delicate  instrument.  Do  not 
abuse  by  rough  handling  or  mistreatment. 

2.  Use  trainer  assigned  by  instructor. 

3.  To  check  angular  alignment  wtth  a  dial  indicator,  clamp  the  dial  Indicator  to 
the  pump  coupling  half  so  that  the  ball  of  the  indicator  just  rests  on  the  face 
of  the  motor  coupling  half.  A  cha tarns  rk  should  be  made  at  the  point  where 
the  ball  contacts  the  coupling  half.  Both  the  pump  shaft  and  motor  shaft  should 
be  rotated  an  equal  amount  so  that  the  resiling  is  taken  at  all  checkpoints  with  ' 
the  ball  on  the  chaikmark  (B  in  figure  17). 

4.  Total  runout  reading  must  not  exceed  0.015. 

5.  Insert  shims  as  required  to  attain  satisfactory  runout. 


SO 


8. 


To  check  parallel  alignment 
with  the  dial  indicsior  tSbail 
should  rest  oa  th*  outer  ease  of 
tfat  motor  coupling  half  as 
cated  by  "A"  in  figure  17. 
chalkmark  should  bt  mad*  it 
the  point  of  contact,  and  the 
shafts  rotated  equally  so  that 
the  reading  is  taken  with  the 
ball  on  the  chalkmark  at  all 
checkpoints. 

Total  runout  must  not  exceed 
0.015. 

Insert  shims  as  required  to 
attain  satisfactory  runout. 


cmal  iroicator        0ial  ikoicatqr 


COUPUftS  HALVES 
'  A 
PAAALLCL- 


coupus*  NALVCS 
» 

ANGULAR 


Figure  17 


NOTE:  Any  adjustment  to  correct  one  direction  of  alignment  may  affect  the  other 
direction.  Therefore,  it  is  at  jesary  to  re  check  both  angular  and  parallel 
alignment  after  each  adjust  me  it. 

9.    After  the  unit  hat  set,  alignment  ci  the  unit  should  be  checked^and  the  founda- 
tion bolts  torqued.  . 

« 

10.  Have  instructor  check  your  work. 

11.  Return  dial  indicator  and  accessories  to  instructor.  Instrument  will  be 
checked  for  abuse  and  mishandling. 


Checked  by 


(Instructor) 
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WATER  CONDITIONING 


OBJECTIVE 

Th*»  study  guide  wtii.heip  you  in  learning;  ,  *  5 

*  ■        **#''  * 

•  Basic  principles  of  chemistry  and  chemical  processes. 

*    •    .  Problems  encountered  when  using  water  for  cooling  purposes.  ' 

•  Causes  and  effects  of  scale  and  corrosion,  '  ,  ,.. 

O    Methods  and  procedures  for  treating  scale,  corrosion  and  algae. 

•  To  Identify  laboratory  equipment. 

•  To  perform  chemical  experiments  to  determine  the  types  and  amount  of 
contaminants  in  a  sample  of  water  t 

s     •    To  test  phosphates  as  used  in  cooling  towers. 
INTRODUCTION 

.      Corrosion  is  the  destruction  of  metal  by  chemical  or  electrochemical  action.  Rust 

i!raa«fm»^-f0rr°'Sn;  AU  metals  containiri«  iron  will  rust  if  exposed  to  the  effects  of 
air  and  moisture.  Water  increases  the  corrosion  or. rusting  process. 

Scale  is  the  residue  or  deposits  left  by  water.  This  can  be  demonstrated  by  niacin* 

mlmizSL  ?  ^  *  £  Pfocess.  «■  continued  several  times,  the  pan  will  become  cov- 
ered  with  a  coat  of  these  minerals.   These  minerals  are  called  scale. 

Algae  is  small  microscopic  plant  and  animal  life  mat  forms  and  grows  in  water 
a^ceonde^eMr°Ued       b9eoar  *      probIem  in  watcr  powers,  tanks,  piping,  pumps, 


LABORATORY  SAFETY 

\  ■  - 

Before  making  chemical  analysis  of  water  samples,  you  must  be  aware*  of  the 
safety  practices  that  apply  to  chemical  laboratories.  ». 

•  .Never  mix  chemicals  haphazardly. 
*   •     Do  nt^ taste  or  drink  chemicals. 

•  Use  smallest  amount  of  chemicals  necessary  to  get  desired  results. 

•  Perform  experiments  at  arm's  length. 

•  Smell  gases;  slowly. 

•  Have  plenty  of  ventilation. 

•  Always  add  acid  to  water,  npt  water  to  acid. 

•  Keep  working  area  and  equipment  clean. 

•  Use  face  shields,  rubber  gloves,  and  aprons  when  using  scale  cleaner, 
if  hands  or  skin  bum,  flush  them  with  plenty  of  water. 

•  Label  all  chemicals  and  tests.  « 

•  Do  not  close  containers  that  are  heating. 

The  work  of  a  Refrigeration  Specialist  in  water  treatment  can  be  safe  if  the  spec* 
iaiist  will  use  a  few  simple  precautions  in  the  handling  and  mixing  of  chemicals,  and  the 
handling  of  glassware  and  operating  equipment  Accidents  just  do  not  happen;  they  are  - 
caused  by  unsafe  acts  or  conditions.  The  skilled  operator  knows  his  chemicals,  the 
proper  method  of  mixing  them,  the  correct  manner  of  operating  his  equipment,  and 
the  importance  of  keeping  his  mind  on  his  work.  The  last  is  very  important  because 
many  times  after  an  accident,  the  victim  has  remarked,  "I  wasn't  thinking. " 

Handling  Acids  and  Bases  (Alkalies) 

Acids  and  bases  (alkalies)  can  cause  severe  bums  when  they  come  in  contact  with 
the  skin.  When  handling  chemicals,  never  put  your  hands  to  your  eyes  or  face  without 
first  washing  them.  The  skin  tissue  of  your  face  is  more  sensitive  than  that  of  your 
hands  and  is  more  easily  irritated.  Rubber  gloves  must  be  worn  when  handling  con- 
centrated acid  to  protect  your  hands.  To  protect  your  clothes  you  must  wear  a  rubber 
apron.  Before  using  these  protective  devices  they  should  be  inspected  to  assure  they 
will  afford  the  protection  for  which  they  are  intended.  t 

When  mixing  Concentrated  acids  with  water,  the  ac*d  should  be  tlowly  poured  into 
,  the  watefc  and  the.  solution  should  be  constantly  stirred  with  a  glass  stirring  rorfto 
prevent  a  concentration  of  the  acid  in  a  «nall  area  of  the  water.  Failure  to  follow  f 
this  procedure  may  result  ut  the  acid  boiling  and  splattering  the  surrounding  area, 
causing  severe  burns  to  the  operator.  NEVER  POUR  WATER  INTO  ACID.  If  you  get 


a  spray  of  acid  in  your  face  or  eyes,  don  t  put  your  hand  to  your  face.  Flush  the  af- 
fected ar  e*  with  a  lot  of  water  as  fast  as  possible  and  then  seek  a  doctor -for  further 
treatment.  Anytime  you  are  using  acids,  you -should  Save  a  container  of  water  and 
sodium  bicarbonate  (baiting  soda)  available  to  neutralize  the  acid  in  case  of  ah  accident. 

A  few  drops  of  acid  on  the,  hands  may  not  cause  any  discomfort,  but  if  this  acid  is  • 
rubbed  into  the  eyes  it  coujd  cause  blindness. 

Cut  From  Glassware  '  ' 

Before  using  any  ;glass  laboratory  equipment,  the  article  should  be  checked  for 
cracks  and  rough  edges.   The  rough  edges  can  develop* into  cracks  and  when  a  stopper 
is  applied  the  glass  may  break,  and  spill  its  contentful  over  the  lab  table  and  sur round - 
in '4  area.  *  k 

♦  * 
Hk  ating  Liquids  , 

When  heating  a  liquid  in  a  beaker  or  flask,  always  apply  the  heat  gradually.  A 
large  amount  of  heat  concentrated  in  a  small  area  can  set  up  a  strain  that  might  cause 
the  beaker  or  flask  to  crack.  * 

LABORATORY  EQUIPMENT 

The  refrigeration  specialist  must  become  familiar  with  the  types  and  functions  of 
standard  laboratory  equipment  if  he  is  to  test  and  treat  water  properly. 

Reagent  « 

*  « 

A  reagent  is  any  substance  which,  because  of  its  part  in  certain  chemical  reactions 
is  used  in  detecting,  examining,  or  measuring  other- substances.   Standard  soap  solu- 
tion,  is  a  reagent  that  you  will  use  in  performing  a  hardness  test. 

Burette 


Burettes  are  used  in  the  laboratory 
to  ifit-asure  solutions  and  reagents.  (See 
figure  1 .    You  will  use  a  burette  to 
measure  standard  soap  solutions. 

Beaker 

A  beaker  is  a  large  glass  container 
used  when  mixing  or  testing  solutions. 
(See  figure  2. 

Funnel 

The  funnel  (figure  2}  is  used  for 
pouring  liquids  and  filtering  solutions. 


JIESERVOJR  MARKED 
IN  MILLILITERS 


STEM  FRQM 
RESERVOIR 


GLASS  VALVE 


TITRATING  TIJ 


Figure  t.  Burette 

'3 


Filters 

* 

Filters  are  used  to  separate  solids  suspended  in  liquids.  To  prepare  a  filter, 
fold  a  filter  paper  first  in  halves,  then  into  quarters.  (See  figure  2).  Open  it  with 
three  flaps  on  one  side  and  one  flap  on  the  other  so  it  will -fit  the  funnel. 

Graduated  Cylinder 

i 

The  graduated  cylinder  (figure  2)  is  used  to  measure  liquids.  It  w  usually  grad- 
uated in  milliliters. 

■* 

Flask  * 

A  flask  ifc  a  narrow-necked  vessel  used  for  various  purposes  in  a  laboratory, 
(see  figure  2). 


TEST  TUBE  FUNNEL 


Figure  2.   Laboratory  Equipment 

Care  of  Test  Equipment 

In  making  a  number  of  different  tests  where  various  solutions  are  used,  it  is 
necessary  to  avoid  contamination.  Rinsing  prior  to  use  and  careful  cleaning  of  equip- 
ment after  the  tests  have  been  completed  assures  accurate  results. 

Burettes  should  not  be  interchanged  between  standard  solutions  except  in  emer- 
gencies, and  then  only  after  thorough  rinsing.  Stopcocks  should  be  lubricated  with 
approved  stopcock  grease  at  frequent  intervals  to  keep  them  in  good  working  order. 

Expression  of  Test  Results 

Listed  below  are  expressions  of  test  results  and  their  meaning. 

PARTS  PER  MILLION  (PPM).  A  part  per  million  is  a  measure  of  proportion  by 
weight  and  is  equivalent  to  a  unit-weight  per  million  units-weight.   A  pound  of  clay  in 
a  million  pounds  of  water  is  equal  to  one  part  per  million. 
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GRAINS  PER  GALLON  (GPG>.  The  grain  is  the  smallest  unirtn  the  English  system 
of  measurements  pertaining  to  mau  (weight).  One- pound  equals  7000  grains.  If  you 
wish  to  convert  ppm  use  the  factor:  17. 1  ppm  equals  4  gpr'tS  gallon. 


UTER.  The  liter  is  the  standard  unit  of  capacity  used  in  the  laboratory    It  is  the 
volume  of  1000  grams  of  water  at  4°C,  and  is  divided  into  1000  smaller  units  called 
milliliters.  Since  the  weight  of  a  liter  of  water  is  1000  grams,  each  milliliter  of  water 
will  weigh  1  gram,  and  100  milliliters  of  water  will  weigh  100  grams,  etc. 


COMMON  ELEMENTS 

ELEMENT 

SYMBOL 

ATOMIC  NO, 

Aluminum 

Al 

13 

Calcium 

.  Ca 

20 

Carbon 

,  C 

6  ' 

Chlorine 

CI 

17 

Copper 

Cu 

# 

29       '  V 

Fluorine 

F  . 

9 

HvdrGeien 

n 

1 

Iron 

Fi 

26 

Magnesium 

Mg 

12 

Mercury 

Hg 

80 

Oxygen 

1  O 

8 

Potassium 

K 

19 

Sodium 

11 

Sulfur 

16 

IT 


Table  1,   Tab!  •  of  Elements 


.    COMMON  CHEMICALS  ASSOCIATED  WITH  WATER  TREATMENT 

Most  of  the  chemicals  that  you  will  be  concerned  with  in  this  course  are  listed  in 
Table  of  Chemicals,  Table  2;  The  formula,  chemical  name,  ar.d  common  name  or; 
usage  that  $rill  be  important  to  you  are  incl  ided.  NaCl  for  instance,  is  the  chenrtcai 
f  formdla  for  table  salt  The  chemical  name  for  table  salt  is  sodium  chloride.  Table 
salt  is  sometimes  used  in  refrigeration  work  as  a  brine. 


FORMULA 

111      4"  ' 

CHEMICAL, NAME 

COMMON  NAME  OR  USAGE 

K  

;  Ca 

Calcium 

Scale  forming  element 

|  Ca  (HC03)2 

Calcium  Bicarbonat 

Temporary  hardness 

CaCC^ 

Calcium  Carbonate 

Limestone  (scale) 

CaCl2 

Calcium  Chloride  ( 

Brine 

■ 

Ca(OH)2 

Cajcium  Hydroxide 

Lime  (water  treatment) 

co2 

Carbon  Dioxide 

Corrosion  helper 

CI 

Chlorine 

Algae  control 

HCL 

Hydrochloric  Acid 

• 

Scale  cleaner 

H20 

Hydrogen  Oxide 

Water 

Mg 
0 

Magnesium 
Oxygen 

bcaie  forming  element^ 
Corrosion  helper 

K2Cr04 

Potassium  Chromate 

Corrosion  control 

Na2C03 

Sodium  Carbonate 

Soda  Ash  (water  treatment] 

NaCl 

Sodium  Chloride 

Brine  ind  Tabl^  Salt 

NaOH 

Sodium  Hydroxide 

Caustic  soda 

Sulphuric  Acid 

pH 'adjustment 

Na3PD4 

Tr is  odium  Phosphate 

Surface  active  agents  $ 

jf 

Table  2.  Table  of  Chemicals 
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ACIQS,  BASES  AND  SALTS 

J  -Aside,  bases,  and  salts  are  chemical  compounds  associated  with  wmters  used  in 
rifkgerat  on  systems*  The  earlycheAUti  discovered  that  Xf^d^S." 
tastes.  Vinegar  and  lemon  juice  had  a  sour  taste  so  the  chemists  named  th»»  acids 
from  the  Latin  word'Acidus;"  meaning  sour.    0        _  v 

The  second  group  of  compounds  sucl^as  caustic  soda  and  J^J^J^JJ^: 
This  group  of  compounds  would  destroy  the  sourness  of  acids  ^  M 
tion  for  the  manufacturing  or  making    .the^hird.  group  >  Since  they  acted  as  a  tounda- 

tion  they  were  called  bases.  V 

The  third  group  of  compounds  was  obtained  by  mixing  acid 
These  compounds  had  a  salty  taste  and  were  called  salts.  When  .these  salts-are  maea 
lm *wat«  we  call  them  brines.  Table  salt  mixed  with  water  produce,  a  sodium 
chtorWe  brine!  Cold  brines  are  used  In  Ice  plants  to  circulate  around         water  ice  # 
Jmk  tooraduce  ice    Brines  are  very  corrosive  to  metals;  therelore,  corrosion  in- 
h^torsPa£ emp?4ed  to  reduce  corrosion.  You  will  perform  antifreeze  and  corro- 
sion  inhibitor  tests  on  brines. 

Ethylene  Klycol  the  antifreeze  similar,  to  that  used  in  your  car,  is  used  in  chilled 
water  sys  ems"  to  Swe?  the  freezing  point  oV  water.  These  solutions  are  caUed  brine, 
when  used  for  this  purpose.  However,  chemically  ethylene  glycol  is  not  a  brine. 

Tests  for  Acids 

The  acids  you  will  be  most  concerned  with  are  hydrochloric  and  sulphuric.  These 
acids  are  shown  in  Table  It 

A  verv  simrie  test  is  to  place  litmus  paper  in  the  acid  solution.   Acids  turn i  blue 
litmus  paper  fef  Matter  test  for  acids  Is  to  check  the  solution  with  phenolphthalein 
C*P"  indicator).   "P"  indicator  remains  colorless  when  placed  in  acids. 

Concentrated  acids  such  as  scale  cleaners  are  very  <tag»rauii  ^ 
died  with  extreme  care.  The  use  of  scale  cleaners  ^1  be  covered    t  *  Uter 
time     You  are  cautioned,  however,  never \to  pour  water  into  acid.  There  s  an  urge 
n  most  students  to  mix  chemicals  Just  to  see  ^^S^^mS^S^ 
laboratory  safety:  NEVER  MIX  CHEMICALS  HAPHAZARDLY.   Your  first  wontDoc* 
Sl?2M3»Slng  diluted  acid  solutions  with  litmus  paper  and  "P«  indicator. 

Tests  for  Bases 

Bases  are  probably  not  as  well  known  as  acids  but  they  are  just  as  important. 
Sodium  hydroxide  is  a  white,  crystalline  solid.  «  U  soluble  in  "fitter to 

r  c^ic^'ffirsrjr^  i^^^a 

used  ctemic^T'  It  is  a  very  strong  base  and  must  be  handled  with  caution. 

Bases  turn  red  litmus  paper  blue.  When  the  pH  is  above  7.9,  bases  turn  "P"  in- 
dicator red.   Bases-are  used  to  neutralize  acids. 


ERIC    •  %    .  \ 


COLLECTING  AND  LABELING  WATER  SAMPLES 
Collecting  the  F  mpte 

yourTe^e^l!^  T**  teS?i0r  PH  and  hardness,  it  is  important  that 

a^t^es^e?^n^^I,  ^       y0U  *  "Putative'  sample.  There  are 

cWorSes  etc    Wht fESS  f*!  reqmre         tests  carbon  dioxide 

co"^  »  P^ons  must  he  taken  in 

that  ^e^^Hvf  Gi^rm,g  Wat6r  83,311,168  18  m  staining  a  small  amount  of  water 

Tt£ He X^Z  ^nL^T'  *****  of  water  is  um?orm 

f,*  „,  ~^  tnrougnout,  any  portion  of  it  would  be  representative    If  it  is  not  make 

to  gISM  no^aT  tS,!r"ilMe  by  »»^%ioo.  «  into™S  So  ar^Snged 

s^Dltd^fi^^  V*'  18 "P™Kntativ«  of  the  whole,  Care  must  be  UkenthaTthe 

feg an^aine?, usea  m^t  nT»  ^  ^M"1"  Change  *  This 

th**%2£T     ,      ,  s  used  raust  not  react  chemically  in  any  way  with  the  Water  and 

£  a^**?pl6'  after  drawn'  does  not  come  in  contact  with  tomato wi^rTb^c'aSe 


■abeling  the  Sample 

Water  samples  are  practically  useless  unless  they  are  pronerlv  identified  Ma™ 

mgeiaSryS  Tti^^  ta  from^pK'JoU^to  th^Test. 

m^^L  ^7;.5,^  contalners  »™  Properly  labeled  there  Is  less  chance  lor  any 

to*r"eat  "«^?g  T31^  Con,tro1  would  »»  ^  if  an  operator  was  instated 
to  treat  lake  water  based  upon  a  sample  taken  from  a  deep  well  Pronerlv  laha^iT 
ter  samples  also  aid  the  chemist  in  filling  out  his  reportsTnhe ^^sSotfttag" 


The  label  used  on  the  sample  contain- 
er is  usually  your  own  design.  Some  use 
tags  that  are  attached  to  the  container  by 
pieces  of  masking  tape  or  rubber  bands; 
others  use  3  x  5  inch  gummed  labels. 
The  information  contained  on  the  label 
also  varies,  depending  upon  the  needs  of 
the  chemist  or  installation.  Generally 
the  date,  unit,  specific  mission,  tem- 
perature, pressure  in  pai,  location, 
phone  and  by  whom  samples  were  col- 
lected are  recorded  on  the  label.  Fig- 
ure 3  shows  a  typical  label. 


ATE 

UNIT  . 


o 


MISSION  _ 
TEH*  


MESS  i  

LOCATION  PHONE  

SAMPLED  IV  


Figure  3.  Sample  Label  Tag 
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TESTING  FOR  pH 


Just  as  a  thermometer  measures  the  intensity  of  heat,  pH  measures  the  intensity 
of  ah  acid  or  base  in  solution.  pH  means  potential  hydrogen*  a  hydrogen  atom  that 
has  lost- its  electron  (H*1fa  positive  hydrogen  atom;  a  positive  hydrogen  ion.  Where 
many  hydrogen  atoms  lose  their  electrons,  the  water  solution  containing  these  hydro- 
gen ions  becomes  verV  aggressive;  so  aggressive,  in  facts  that  the  water  will  eat 
metal  right  off  iron  pipes.   This  aggressive  water  is  acid  in  nature. 

'» 

pH  determines  the  degree  of  acid  or  >ase  in  solution.   As  we  explained  earlier, 
with  litmus  paper  and  "P"  indicator  we  c.  n  determine  whether  a  solution  is  acid  or 
base,  but  we  cannot  determine  the  .degree  of  intensity,  'With  pH  comparators,  we  can 
determine  not  only  the  nature  of  the  solut  on  but  also  the  intensity  of  acid  or  base.  • 
Acids  contain  more  hydrogen  ions  («♦)  th.n  hydroxyl  ions  (OH-)  and  range  in  pH  from 
6>  9  to  zero.    Ba4es  contain  mor*  OH-  ioi  s  than  H+  ions  and  range  in  pH  from  7. 1  to. 
14.  k  .  . 

Pure  water  is  made  up  of  H9O  molet  lies  but  also  contains     'ions  and  OH-  ions 
in'  equal  amounts.  The  pH  of  pure  water  n  7. 0  which  is  neutral;  neither  acid  nor 
base    When  there  are  "impurities  in  water,  usually  this  balance  is  disturbed  and  there 
is  more      or  OH-.'  This  causes,* the  water  to  be  acid  or  base.  Going  a  step  further, 
acids  can  be  identified  asthose  substances  which,  when  dissolved  in  water,  increase  the 
hydrogen  ion  (H+)  concentration;  bases  as  those  substances  which,  when  dissolved  in 
water,  increase  the  hydroxyl  (OH-)  ion  concentration.   HCL  is  an  acid.  NaOH  is  a 
base.  '        .  »  •   *     '  ■ 

s  v 

It  has'be'en  found  that  the  hydrogen  ai  d  hydroxyl  ion  concentration  of  pure  water  is 
0  0000001  gram  per  liter.  This  is  equal  to.  l/\0{  grams  per  liter  antra  pH  of  7.0.  If 
the  hydrogen  ion-  (H+)  is  increased,  say,  10  times,  there  would  then  be  10  times 
0  0000001  gram  per  liter  or  0.0000001  =  l/10e  grams.   The  pH  value  of  the  water 
would  then  be  expressed  as  6.  0.  A  pH  of  5. 0  is  10  more  times  more  acid  than  a  pH 
of  6.  0.  '  • 

The  relation  between  H+,  OH-,,  and  pH  values  is  shown  in  figure  4. 


PH  OF  7  IS 


HIGHLY  BASIC 


V 

AClO 


ffASE  ■ 


OH- 


•10       If       *2       O  14 

\ — ^ 


X 


1     3  4 

INCREASING  H* 


EQUAL  M '  AND 
OH'  IONS 

Figure  4.  pH  Relationship 
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zeroNn°Hte  ^j"**?*  v*lue  leases,  the  H+  increases  and  the  OH-  decreases  At 
SS?*  f  *?*  S.at  r?aximum  ^  OH-  at  minimum.  -For  basic  waters  tte  wlrs? 

t^decVeases^  <*  o£Z&2Z2? 

decreases.  At  pH  14,  OH-  is  at  maximum  and  H*  is  at  minimum. 
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BASE  QH  ALKALINE  ' 
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(SCALE  WHEN  HAR0NE5S 
iS  ABOVE  200  PPM) 


Figure  5/    pH  Adjustment 


CORROSION  CONTROL 


Corrosion  is  destruction  of  metal  by 
chemical  or  electrochemical  reaction. 
(See  figure  6. }  h 

Chemical  Corrosion 

Corrosion  caused  by  dhemical  reac- 
ts a  occurs  when  the  pH  of  the  water- so- 
lution is  below  7. 0.  During  eiferaical  at- 
tack, the  metal  dissolves  into  the  acid 
solution.  Metal  is  eaten  away  uniformly. 
If  corrosion  is  not'  arrested,  failure  of 
the  pipe  or  tubing  will  take  place. 


( 


ORIGINAL.  THICKNESS 
OF  WE 


The  pH  requirement  for  minimum 
corrosion  or  scale  formation  in  chilled  * 
and  cooling  water  systems  is  between 
7. 0  and -9.  0.  Steam  boilerjs  require  a  pH  between  10. 0  and  12. 0 


Figure  6  .  Corrosion 
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Electrochemical  Reaction 

.  Electrochemical  action  is  similar  to 
the  reaction  whichtakes  place  in  the  bat- 
tery of  your  car.  When  two  dissimilar 
metals  are  in  contact,  such  as  brass  and 
steel,  a  cell  results.  (See  figure  7  .) 
Metal  will  be  removed  from  one  and  will 
either  go  into  solution  or  be  deposited 
upon  the  other.   Nonuniform  corrosion 
is  produced  by  electrochemical  cells. 


ELECTRON  FLOW 


STEEL  W 


COflROOKG  AREA 


MASS  VALVE 


CMC-SI* 


Figure  7  .  Cells  Created  by 
Dissimilar  Metals 


Ac  electrical  equipment  should  not 
be  grounded  to  water  pipes  that  show 
signs  of  electrochemical  corrosion,  as 

this  makes  more  active  cells  with  a  resultant  increase  in  the  corrosion  rate. 
General  Methods  of  Preventing  Corrosion 

Various  methods  may  be  employed  to  prevent  corrosion.  Oxygen  and  carbon  diox- 
ide may  be  removed  from  the  water  by  mechanical  or  chemical  means.  Chemicals 
are  added  to  the  water  to  form  protective  films  on  the  metal  and  direct  current  is  im- 
pressed on  the  metal  to  prevent  cell  type  corrosion.  As  Refrigeration  Specialists  we 

will  be  primarily  concerned  with  chemical  treatment. 


Corrosion  Prevention  by  Chemical  Treatment 

The  most  common  chemicals  used  by  the  Refrigeration  Specialist  to  control  cor-  s 

rosion  are  chromates  and  polyphosphates. 

* 

CHROMATES.  Chromates  are  very  seldom  present  in  untreated  water,  however, 
thev  mav  occur  as  a  result  of  industrial  waste  contamination.  Chromates  are  among 
the  most  widely  used  chemicals  for  control  of  corrosion  in  cooling  systems.  It  is  im- 
portant that  tests  be  made  to  regulate  the  firtper  concentration  of  chroma te  necessary 
for  satisfactory  corrosion  control.  The  most  commonly  used  chromate  sal^  are  sod- 
tZfwd  potassWcnromate  and  dichromate.  The  chromates  are  alkaUn^ wfctte  the 
dichromatoTare  acidic.  Chromates  are  anodic  inhibitors  and  can  intensify fitting  if 
used  in  insufficient  concentration  to  completely  stop  corrosion  attack.  High  chloride 
concentrations  interfere  with  the  development  of  a  protective  film  by  chromates. 

Since  chromates  have  a  toxic  effect,  cl  romate  silts  are  not  suitable  for  use  in 
drinking  water. 

Chromates  may  have  an  irritant  action  if  exposure  to  the  skin  is  pronged.  When 
working  around  chromates,  any  exposed  area. of  the  body  should  be  washed  with  soap 
*  and  water!  Special  protective  creams  and  liquid,  have  been  developed  to  aid  in  the 
prevention  of  skin  irritation  due  to  chromate  toxicity. 
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Optimal  dosage  of  chromate  depends  on  the  character  of  the  water  and  of  the  sys- 
tem: in  general,  however.^eUent  results  are  obtained  with  a  maintained  concentra- 

at  the  concentration^  treatment  in  the  water  is  not  satisfactory.    Field  tests  must  bT 
mad*  to  make.sure  that  the  requirld  amount  is  present.  You  will  perform  field  teVtT 
on  chromate  concentrations  during  practical  work.  periorra  new  tests 

•       Chromatesare  used  primarily  in  chilled  waterlines  and  ice  plant  brines.   For  cool- 
ing towers  the  use  of  polyphosphates  is  less  expensive. 

POLYPHOSPHATES  * 

Polyphosphates,  such  as  Caigonr  Nafco  918  and  similar  compounds,  are  used  for 
the  prevention  of  corrosion.  Corrosion  inhibition  i# caused  by  the  absorption  of  the 
phosphate  or  one  of  its  complexes. on  the  metal  forming  a  protective  film.  The  rate  of 
supplying  the  phosphate  to  the  metal  is' the  important  factor  rather  than  its  concentra- 
tion in  the  water.  .  Y\ 

*- 

For  initial  installation,  it  is  desirable  to  have  a  high  feed  (10  ppm)  to  form,  a 
film  as  quickly  as  possible.  As  soon  as  the  protective  film  has  formed,  the  dosage 
may  be  reduced  to  2  to  4  ppm  depending  on  what  is  required  to  maintain  a  constant 
.  film  on  the  metal.  Phosphates  are  useful  in  a  pH  range  of  5. 0  to  8. 0.  However,  best 
results  are  obtained  when  the  pH  ranges  froir  6.  5  to  7.S.  In  beginning  the  treatment 
of  corrdded  pipe  systems,  difficulty  is  often  experienced  with  the  staving  off  of  cor- 
rosion products  due  to  phosphate  treatment.  Therefore,  care  is  required  to  avoid 
problems.  Chemical  feed  is  usually  by  solution  feeders  identical  to  hypochlorinators. 
Since  polyphosphate  solutions  support  bacterial  growth,  a  small  amount  (2-3.  ppm 
residual  chlorine)  of  hypochlorite  should  be  used  in  the  solution  to  avoid  contamination.  ( 

f 

ALGAE  V 

Algae^re  slimy  living  growths  of  one  ceii  animals^and-pUnta..  They  may  be 
brought  in  by  birds  or  high  winds.  Algae  thrives  in  cooling  towers  and  evaporative 
condensers  where  there  is  abundant  sunlight  and  high  temperatures  to  carry  on  their 
life's  processes.  Algae  formations  will  plug  nozzles  and  prevent  proper  distribution 
of  water  which  will  in  turn  cause  high  condensing  pressures  and  lowered  efficiencies. 
Algae  prefers  water  with  high  temperatures  and  pH  range  between  7. 0  and  9. 0. 

Chlorine  Test 

V  ' 

Secure  a  sample  of  water  to  be  tested.  Fill  both  ofUhe  standard  comparator  tubes 
to  the  IS  ML  mark  with  test  sample,  and  place  them  in  tie  comparator  tester.  Using 
the  graduated  dropper,  add  0. 75  ML  of  ortbo-tolidine  solution  to  the  left  tube.  Insert 
chlorine  color  disc  and  rotate  until  there  is  a  match  in  color.  Read  the  results  and 
record  directly. 
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SOkLE 
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Causes  of  Scale 

Scale  if  a  white  deposit  consisting 
of  compounds  of  csicium  and  magnssium. 
Scats  on  the  insids  of  piping  such  as  wa- 
ter-cooled condensers  presents  a  seri-  / 
ous  problem  to  the  Refrigeration  Spec  - 
iaiist  because  it  reduces  the  efficiency 
of  a  condensing  unit.  Scale  formation 
in  condenser  tubing  is  shown  in  figure  8. 

t  Sludge  is  a  soft  scale  xype  material 
that  is  easily  removed  when  it  forms.  If 
not  removed,  it  may  harden  into  a  hard  scale. 

Scale  Forming  Waters 

Pure  water  is  seldom  if  ever  found  in  nature, 
indicated  in  figure  9. 


WATER  COOLED 
CONDENSE*  TU1E 


SCALE  DEPOSIT 


Figure  8.  Scale  in  Water 
Cooled  Condenser 


Impurities  are  /ticked  up  bv  water  as 


PURE  WATER  VAPOJ! 
EVAPORATES  fROM  OCEAN 


o 


'0 


0 

I 

0 


0 


RAIN  PICKS  UP  OXYGEN 
CARBON  CMOXIOE 
'      AND  DUST 


WELL. WATER  ME'' 
IS  CLEAR  BUT  HA* 


CN-04I 


Figure  9.  Impurities  in  Natural  Waters 

Pure  water  evaporates  from  the  ocean  and  other  large, bodies  of  water.  This  evap 
orated  water  vapor  forms  into  clouds  which  are  moved  inland  by  winds.  Water  vapor 
is  released  from  clouds  as  rain.  Pure  rainwater  on  its  path  to  earth  picks  up  impuri- 
ties such  as  oxygen,  carbon  dioxide  and  dust. 
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the 'water  i>  tta^Siam  taitom  StaA^SlS*  Pi^JU.P     °»  «■»•*.  "»  10, 

ever,  because  the  itream  u  nearS*^^!"!!.  -USSf  T*"  100  "Bm  ;  how- 

water.  Thia  meanlttattlJ?  ealWiWa^.^.?^*"'  •t™un«  tave  «ry  hard 
The  water  in  WicTta  Wv^i^^*  ErSEEST*"1"  "  ^  1M 

but  the  more  S*K 'l W  TteSte'hSLTS? "iSf"1*  **  W*r  Plcl"uP. 

s^rsrs  a^rr r.rr^bUrh^.la  t^-  ^a"™"* 

^^^^^^^^^^^ 


Scale  Formation 


^     When  water  containing  even  a  small  amount  of  hardness  is  used  in  cooline  tow*™ 

mI*  !  lw  evaporates,  the  hardness  increases.  Assume  a  coolinc  tower 

?o^Lrhn?PrWateKP?M'80  Byadiustin*^ 
£ltl^rttf^rj£t£  the  conization  of^rLss^lS 

fnrrr,  w    c  ^  te0  r  ejaculating  water  will  con  tain  160  .  pom;  not  scale 

5SL  «•  inches  down  on  the  bleed-off.  Tne  con- 

centration  of  hardness,  known  as  cycles  of  c  mcentration  mav  ao  to  3    Thmn  llm*. 

ppm  heat  trmnsfar  sur  fact*  may  pick  up  scai*. 

..  _Bf'idM  !r^»ratioc  ***  conc«itration,  scale  forms  because  calcium  and  ma*ne- 
sium  compounds  have  a  reverse  solubility  factor    To  exmain  ™i.!E?i I?, 

Zir£t  *  *  80OP  s?dttveT.°cdK 

water.  Soon  we  would  saturate  the  water  with  salt;  no  matter  how  hard  we  stirred 

wfiFiStSSL  m°r!  T  to  *****     MdbMoa'  Now  let  uThK  wa^r  ^  ■ 
100  f.  Sodium  compounds  have  a  direct  solubility:  so  bv  stiriW  waM««»„«L  si 

ti^cSc^  ^  A!glass  of  water  at  ^  sa^ated 

hettd %  ^KET  compounds  wUl  precipitate  some  of  the  compounds  when 

neated  to  !00?F.  fa  other  words  as  the  temperature  of  the  water  increasesthe  solu- 
bility of  calcium  ahdimagnesiura  decreases.  «c«»scs,  tne  sow- 

scale*1*"  taiClUm  *^  ma«ne8ium  Precipitate  on  hot  condenser  surfaces  it  causes 
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EFFECTS  OF  SCALE 

.   '•  ,  - 

•Scale  is  an  insulator  of  heat.  Inaulat  ng  materials  similar  to  asbestos  are  made 
of  calcium  and  magnesium  compounds.  S  ten  materials  will  prevent  the  heat  of  a  blow- 
torch from  penetrating  them.  •  . 

Tests  have  shown  that  some  scales,  (he  thickness  of  a  dime  on  condenser  sur- 
faces, will  Reduce  the  efficiency  of  the  condenser  by  as  much  as  50  percent. 

Scale  causes  condensing  units  to  operate  at  higher  head  pressures.'  This, causes 
the  condensing  temperature  to  become  higher  which  causes  even  more  scale,  to  form. 

METHODS  OF  REMOVING  SCALE 

f  * 

It  is  much  easier  to  prevent  scale  than  it  is  to  remove  it,  but  there  will  be  times 
when  scale  removal  is  necessary.  Two  general  methods  are  used  to  remove  scale, 
the  mechanical  and  tne  chemical  method. 

Mechanical  Method 

Scale  is  remqved  mechanically  by  brushing,  scraping  and  grit -blasting.  Mechan- 
ical methods  are  very  effective  on  hard,  rough  surfaces  such  as  evaporative  coolers, 
cooling  tower  louvers,  spray  chambers,  water  pumps,  etc.  On  soft  copper  and  brass 
surfaces,  however,  the  mechanical  method  may  cause  scratches,  Cuts  and  nicks  which 
makes  a  good  starting  point  for  scale.  In  such  cases,  chemical  methods  should  be  , 
employed.  . 

•  »  *  « 

Chemical  Method  ^ 

Chemical  methods  of  removing  scale  from  equipment  consist  of  dissolving  scale 
deposits  in  a  cleaning  solution  consisting  -«f  dilute  hydrochloric  acid.  Whenever  possi- 
ble, commercial  inhibitor  powder  such  as  .  ntracene,  pyridene,  or  dextrine  should  be 
added  to  the  scale. cleaning  solution.  The  inhibitor  will  limit  metal  corrosion  without 
materially  reducing  the  solvent  action  on  i  ne  scale  deposit. 

t 

A  most  effective  scale  cleaning  acid's  jiution  consists  of  one  gallon  of  1. 19  specific 
gravity  hydrochloric  acid,  four  gallons  of  .rater  and  I  1/2  ounces  of  commercial  in- 
hibitor powder.  Care  should  be  exercised  in  preparing  the  scale  cleaning  solution  to 
prevent  adding  water  to  the  acid;  the  generated  heat  will  cause  violent  agitation  and 
possible  steam  explosions.  t  Acid  must  always  be  added  to  water.  The  usual  precau- 
tions such  as  wearing  goggles,  rubber  gloves  and  aprons  should  be  observed.   Do  not 
save  or  store  the  spent  acid  for  future  use.   Prepare  a  fresh  acid  solution  for  each 
'•leaning. 

Chemical  methods  of  removing  scale  deposits  provide  the  following  advantages 
£  t    over  mechanical  methods.  '  * 

•  More  complete  removal  dwe  to  ease  of  fluid  penetration, 

•  The  equipment  need  not  Ve  dismanteled  since  the  cleaning  solution  penetrates 
wherever  water  flows. 
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•  The  metal  surface  is  left  clean  of  old  seals  particles  which  would  assist  new 
scale  information. 

•  The  metal  loss  is  negligible. 

i  METHODS  OF  PREVENTING' SCALE 

There  arc  many  methods  of  preventing  scale- and  every  job  presents  an  indi- 
vidual problem..  The  following  methods,  in  the  order  listed,  are  usually  the  most 
effective  In  preventing  scale.  * 

Turbidity  Control ' 

Once -Through  Water  System 

Bleed-Off  Adjustment  ^ 

Zeolite  Softening 

Total  Hardness  Test  (Scale) 

Surface  Active  Agents  ( 

Turbidity  Control  ^  '  * 

Turbidity  means  uirty  or  muddy.  ^ 

Suspended  solids  may  cause  scale  on  surfaces  of  equipment  in  contact  with  it. 
The  maximum  turbidity  normally  allowed  for  cooling  tower  water  is  50  ppm. 

Once -Through  Water 

Where  abundant  supplies  of  cheap  water  a  re  available,  cooling  water  may  pass 
through  the  equipment  osi  e  and  undergo  a  slight  rise  in  temperature  (10°P  to  15°F). 
Little  difficulty  from  sceie  will  be  experienced  with  this  method  unless  the  hardness 
is  more  than  200  ppm. 

Bleed-Off  Adjustment 

In  a  system  using  a  cooling  tower  or  evaporative  condenser,  bleed  off  is  the  best 
method  of  preventing  scale  formation.  Bleed -off  limits  the  concentration  of  hardness 
in  solution  in  the  circulating  water.  If  the  bleed-off  plugs  up,  the  concentration  of 
scale  forming  solids  will  increase  rapidly  and  scaling  will  result. 

With  bleed-off  set  at  twp  gallons  per  hour  (g.  p.  h. )  per  ton  of  refrigeration  the 
cycles  of  concentration  wil^ double.  This  bleed-off  rate  (2  gph/Ton)  is  used  when 
the  makeup  water  ranges  from  7 5  to  100  ppm  hardness.  Remember  scale  usually 
starts  when  the  recirculating  waters  reach  200  ppm. 
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Bleed-off  should  be  set  at  a  minimum  of  one  gallon  per  hour  per  ton  of  cooling. 
If  scale  forms-,  the  bleed-off  should  be  gradually  increased.  The  maximum  bleed-raff 
ailowed  is  4  gph  per  ton  of  cooling.  A  greater  rate  .would  result  in  a  waste  of 
water.  If  scale  does  continue  to  form  when  bleed-off  is  set  at  maximum,  then  it  is 
necessary  to  chemically  treat  the  circulating  water  or  soften  the  makeup  water. 

Zeolite  Softening 

t 

If  the  makeup  water  is  above  100  ppm  hardness,  it  may  be  necessary  to  soften 
the  makeup  water  with  a  zeolite  softener  before  it  can  be  used  in  a  system-  Zeolite 
softeners  are  sometimes  mistaken  for  sand  and  gravel  filters/  This  type  softener 
is  not  a  filter  and  will  be  damaged  if  turbid  water  is  passed  through  it. 


Zeolite  softeners  exchange  the 
nonscale  forming  element,  sodium,  for 
the  seal  forming  elements,  calcium  and 
magnesium.  Hardness  in  makeup  water 
may  be  softened  to  near  zero  hardness 
with  zeolite  softeners.  '  When  the  soft- 
ener becomes  loaded  with  calcium  and 
magnesium,,  it  may  be  rejuvenated  > 
simply  by  passing  a  table  salt  (NaCl 
brine)  solution  through  it.  {See  figure 
10).  f 

There  are  many  types  and  models 
of  zeolite  softeners  on  the  market 
today.   They  vary  in  size  from  the  type 
used  to  soften  water  for  steam  irons  ' 
in  the  homes f  to  the  family  .size  zeolite 
softener,  and  to  very  large  sizes  that 
will  soften  water  for  cities  with  popu- 
lations of  up  to  100,000. 

Total  Hardness  Test 


HAND  WATER  iNUT 


SOFT  WATER 

CNC  -0*1 


Figure  10.   Zeolite  Softener 


The  total  hardness  test  is  made  to  determine  the  amount  of  calcium  and  magne- 
sium compounds  that  are  in  solution  in  water.  It  is  these  hardness  compounds  that 
cause  practically  all  of  the  scale  problems  in  water-cooled  and  evaporative  condenser 
systems.   The  equipment  used  to  make  a  hardness  test  is  shown  in  figure  11. 

Soap  is  used  to  make  a  hardness  test.   Before  free  suds  will  form  on  a  water 
sample,  the  soap  must  first  neutralize  all  of  the  hardness  compcjids  in  the  water. 
The  higher  the  hardness  teat  in  ppm  the  harder  the  water  and  the  greater  will  be 
its  scale  forming  tendencies.  Have  you  ever  bathed  in  hard  water?  ..The  ring  around 
the  tub  perhaps  contained  some  of  your  dirt,  but  most  of  it  was  scum  caused  by  the 
soap  neutralizing  out  the  hardness  minerals. 

A  total  hardness  of  100  ppm  is  usually  the  maximum  allowed  for  cooling  tower 
makeup  water.  Water  above  100  ppm  is  considered  hard,  whereas  hardness  below 
100  ppm  is  considered  soft. 
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■  BURETTE  CONTAINING 
STANDARD  SOAP 


; 


STOPPER 

■OTTLC  FOR  SHAKING 
WATER  SAMPLE  AND 
SOAP 

SUDS 


WATER  SAMPLE 
50  ME  , 

BURETTE  STAND 


MEASURING 
GRADUATE 
CY  UNDER 

CNt-IH 


Figure  11.  Hardness  Test  Equipment 


To  make  a  hardness  test,  50 
milliliters  (ML)  of  the  water  to  be  tested 
is  poured  into  a  bottle.   Standard  soap 
solution  from  a  burette  is  added  to  the 
water  and  the  bottle  is  shaken  vigorously. 
Just  enough  standard  soap  is  added  to 
cause  one  inch  of  suds  to  form  on  the 
water  and  remain  there  five  minutes. 
T°  calculate  the  total  hardness,  the  ML 
of  soap  minus  the  lather  factor  multi- 
plied by  20  equals  total  hardness. 


Example:  Assume  6  ML  of  soap  was'used  and  the  lather  Jactor  is  0. 3.  The 
Uther  is  the  soap  required  to  form  one  inch  of  suds  when  using  50  ML  of  distilled 
USE  to  5?7^20°?1h  8UbtalCt  °* 3  from  6' 0  *°d  «"iply  by  20.   This  is 

Forjnula:  Total  Hardness  *  (Total  Soap  Used  -  Lather  Factor)  x  20. 
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Surface  Active  Agents 

Surface  active  agents,  such  as  mi- 
cromets,  are  polyphosphates  which  have 
the  property  of  keeping  calcium  and  mag- 
nesium compounds  (scale  forming)  in 
solution  longer  than  they  normally  re- 
main. (See  figure  12.) 

As  indicated  in  the  chart,  at  100°  F, 
scale  starts  to  form  at  200  ppm.  When 
2  ppm  of  surface  active  agents  is  added 
to  the  water,  scale  does  no$  start  form- 
ing until  the  hardness  becomes  800  ppm. 
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For  adequate  treatment  phosphates 
t.mst  be  fed  to  the  tower  at  i  constant 
rate.   Small  amounts  of  phosphates  are 
fed  to  the  water  at  all  times.  Nylon 
mesh  bags  containing  phosphates  are 
placed  in  the  tower,  figure  13.  As  the 
water  flows  over  the  wetted  deck  it 
passes  through  the  mesh  bag  dissolving 
a  small  amount  of  phosphates.  Other 
types  of  chemical  feeders  can  also  be 
used.   If  too  large  a  quantity  is  added 
at  a  time  calcium  phosphate*  sludge 
will  form. 

The  amount  of  phosphate  required 
is  dependent  upon  the  bleed  rate,  hard- 
ness, alkalinity,  and  amount  of  water 
in  the  system.   For  best  results  the 
manufacturer's  specification  should  be 
followed. 


Figure  12.  Action  of  Surface 

Active  Agents  """^} 


FUNNEL 


Figure  13.  Location  of  ftfesh 
'      Feeding  Bag 


19 


9 

ERIC 


IS 


fit 


Similar  to 
Caused  by 


SCALE 

Sludge 

Hardness  (Ca  6  Mg) 
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Remove  Pipe 
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Prevention 


Turbidity  Control 
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Figure  14.  Scale,  Corrosion  and  Algae  Chart  for  Cooling 
Towers  and  Evaporative  Condensers 
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WATER  CONDITIONING 
Purpose  of  Water-Conditioning  System 

The  water-conditioning  system  is  used  to  keep  the  concentration  of  minerals  low 
enough  in  condensmg  water  and  circulating  chill  water  systems  to  reduce  damage  or 
interruption  of  operation.  A  good  water-conditioning  program  is  as  important  to  a 
cooling  tower  system  as  the  water  itself.  Water  conditioning  does  cost  money  but 
it  saves  money  in  longer  equipment  life  and  more  efficient,  trouble! re e  service. 

Proper  treatment  of  equipment  must  be  provided  which  will  insure  the  preservation 
of  the  various  systems.  The  equipment  should  be  as  simple  as  possible  and  of  the 
correct  type  so  that  treatment  can  be  efficiently  and  economically  accomplished  as 
required.   It  should  be  of  the  quality  that  it  does  not  break  down  while  it  is  in  service. 

t 

Types-  of  Water-Conditioning  Systems 

There  are  various  types  of  fleders  to  admit  chemicals,  such  as  phosphates, 
chromates  and  acids,  to  the  recirculating  water  of  refrigeration  and  air-conditioning 
systems  and  enclosed  chilled  water  systems. 

One  type  of  feeder,  the  drip  or  displacement  feeder,  is  placed  in  the  cooling 
j  tower.   Pot  feeders  are  used  for  slug  feeding  of  closed  systems  such  as  closed  heating 

and  chill  water  systems.   Pump  type  chemical  feeders  are  used  on  solution  tanks 
especially  where  the  injection  is  to  be  made  into  a  pipeline.  The  chemical  briquette 
feeder  is  mounted  on  the  outside  of  the  tower.  It  feeds  dissolved  cake  type  chemicals 
into  the  sump  water.   The  bypass  feeder,  similar  to  the  pot  feeder,  receives  water 
^  that  is  bypassed  from  the  circulating  water  through  the  feeder  tank. 

Major  Components,  Operation  and  Installations  Requirements 

The  drip  feeder  can  either  be  gravity  or  automatic  feed.   The  automatic  feeders 
are  calibrated  at  the  factory  to  insure  accurate  feeding.  The  chemical  solution  is 
placed  in  a  container  above  the  tower  sump.   The  solution  drips  into  the  tower  water 
through  a  small  line  from  the  solution  container.  The  rate  of  flow  is  controlled  by  a 
needle  valve  in  the  feeder  line.   Some  units  use  a  solenoid  valve  actuated  by  the 
recirculating  pumps  on  the  unit  so  the  valve  will  open  and  close  as  the  pumps  start 
and  stop.  A  constant  level  reservoir  provides  steady  head  pressure  to  an  adjustable 
needle  valve,  which  is  set  to  drip  at  a  predetermined  rate. 

The  displacement  feeder  has  a  second  container  placed  inside  the  solution 
container.  A  small  portion  of  the  make-up  water  is  allowed  to  flow  directly  into  the 
second  container.   As  the  second  container  fills  with  water,  it  forces  solution  out  of 
the  discharge  line  of  the  solution  feeder. 

A  very  economical  method  of  adding  phosphate  to  the  water  for  conditioning  against 
scale  and  corrosion  is  by  using  a  nylon  mesh  bag.  This  bag  usually  comes  equipped 
with  a  wire  hanger  for  installing  it  in  the  water  spray,  if  possible.    It  is  preferred  to 
hang  the  bag  so  water  will  spray  over  it  but  it  can  be  placed  in  the  sump.  The  proper 
amount  of  chemicals  to  place  in  the  bag  will  be  determined  by"  a  chart  that  comes  with 
the  chemicals  and  the  size  of  the  system.  The  chemicals  in  this  bag  take  up  to  six 
months  to  dissolve. 
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The  pot  type  feeder  is  a  small  cylinder  type  unit,  usually  made  of  clear  plastic, 
which  can  be  mounted-cm  a  wall  or  a  stand  next  to  a  receiving  tank  or  tower  sump. 
Operating  pressure  is  supplied  by  the  water  system  from  which  makeup,  waler  is 
received.  All  connections  are  through  acid-resistant  plastic  tubing.  This  unit  has  a 
plastic  water  operated  injector  for  feeding  acid  more  easily  and  accurately  into  an 
open  sump.    Makeup  water  is  passed  through  the  injector  at  a  rate  not  greater  than 
the  makeup  water  requirements.  The  feeding  of  acid  into  the  system  is  controlled 
by  a  graduated  dial  on  a  ,  valve  in  the  injector.  The  acid  is  diluted  with  water  within 
the  plastic  body  of  the  injector  before  i\ reaches  the  circulating  water.    This  injector 
may  be  used  to.  inject  diluted  acid  through  the  intake  side  of  a  circulating  pump,  if  the 
pressure  is  low  enough,  into  a  closed  system. 
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The  pot  type  feeder  may  be  used 
to  add  liquid  or  briquette  chemicals  «. 
(figure  15).   To  fill  the  tank  with  chem- 
icals, close  the  inlet  and  outlet  valves. 
Then  open  the  bleed,  fill  and  drain 
valves.  When  all  the  water  has  drained 
from  the  tank,  close  the  drain  valve 
and  fill  the  tank  with  the  desired  chem- 
icals.  To  place  feeder  into  operation 
close  the  fill  and  bleed  vaJves.  A  Now 
open  the  inlet,  outlet  and  metering 
valves.  Adjust  the  metering  valve  to 
the  desired  chemical  flow  while  observ- 
ing the  sight  indicator.   Pressure  from 
the  circulating  pump  forces  water  up 
through  the  inlet  valve.  Water  flows 
down  through  the  tank  taking  some  of  the 
chemicals  with  it.  The  metering  valve 
adjustment  determines  the  amount  of 
chemicals  that  enters  the  system  on  the 
inlet  side  of  the  circulating  pump.  The 
treated  water  goes  through  the  pump 
where  a  small  portion  of  it  goes  back 
through  the  chemical  feeder.  The 
larger  amount  goes  to  the  air-condition- 
ing system. 

An  electric  pump  is  required  if  the 
acid  has  to  come  from  a  large  under-  Figure  15-  Pot  Type  Chemical  Feeder 

ground  storage  tank  which  is  below  the  water  level  and  the  circulating  pump  sump. 
This  pump  is  also  required  when  acid  is  being  ejected  into  a  pipeline  where  the  water 
is  under  pressure.  Diluted  acid  should  be  used  to  reduce  the  chances  of  causing 
corrosion  at  the  point  the  acid  enters  the  pipe.  The  rate  of  flow  of  this  acid  should 
be  controlled.  A  plastic  injector  tube  should  be  installed  so  that  the  acid  is  fed  into 
the  center  of  the  stream  away  from  the  walls  of  the  pipe.  The  container  from  which 
the  acid* solution  is  pumped  must  be  of  corrosion- resistant  material,  or  a  steel 
container  with  a  corrosion-resistant  lining.  Heavy  serviceable  plastic  containers 
as  well  as  steel  containers,  with  plastic  liners,  are  available  which  are  suitable  for 
acid  solutions.  Add  the  acid  slowly  to  avoid  spattering. 
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The  chemical  briquette  feeder  is  used  to  inject  phosphate  or  metaphosphate 
solutions  into  the  system  to  control  corrosion.   Chemicals  used  by  this  feeder  are 
ubtamed  in  cake  or  briquette  form.  These  forms  have  a  controlled  dissolving  rate.  The 
briquette  feeder  is  usually  fastened  to  the  outside  of  the  cooling  tower  above  the  water 
sump.   The  chemicals  are  injected  into  the  system  through  a  tube  in  the  bottom  of  the 
feeder. 

Bypass  feeders  are  available  for  feeding  dry  chemicals.  The  feeder  is  connected 
to  the  inlet  and  outlet  of  a  valve  or  the  inlet  and  outlet  of  the  circulating  pump.  A 
controlled  stream  of  water  is  bypassed   from  the  circulating  water  through  the  feeder 
tank  making  a  solution  of  the  chemicals  and  controlling  the  feeding  rate.  Bypass 
feeders  are  similar  to  pot  feeders,  in  that  both  use  a  needle  valve,  or  similar  valve, 
to  control  the  rate  of  waterf  low  through  the  feeder.  In  an  open  pump  sump,  the  inlet 
for  the  feeder  can  be  connected  to  the  pump  discharge  piping  and  the  feeder  discharge 
can  flow  free  into  the  sump.   Chemicals  are  usually  prepared  in  ball  or  lump  form  for 
bvpass  feeders. 

Servicing  Water  Conditioning  Systems  » 

Each  chemical  feeder  has  fo  be  checked  periodically.   During  this  check  the 
tanks  are  refilled  with  chemicals,  the  pumps  and  pipe  connections  are  checked  for 
leakage.  The  valves  are  checked  for  leakage.   This  determines  the  condition  of  the 
packing  and  the  seating.   The  motors  are  checked  for  cleanliness,  terminal  security 
and  condition  of  the  wires.   All  units  that  have  fittings  for  lubrication  are  lubricated 
and  checked  for  freedom  of  movement.   The  rate  of  bleedoff  is  checked  and  adjusted 
if  necessary.   The  plastic  needle  valves  are  checked  for  freedom  of  movement  and 
adjusted  if  needed.   All  metal  units  are  checked  for  evidence  of  corrosion. 


SUMMARY 

j 

Remember  most  accidents  can  be  prevented.    Your  part  in  the  safety  program 
is  to  become  familiar  with  potential  accidents  and  to  followVthe  prescribed  rules  and 
precautions  to  prevent  them.   Some  of  the  conditions  whiclT cause  accidents  are  poor 
housekeeping,  horseplay,  improper  use  of  equipment,  and  nonobservance  of  rules. 
The  most  important  rule  in  the  laboratory  is  never  mix  chemicals  haphazardly. 

Laboratory  test  equipment  should  be  rinsed  prior  to  use  to  assure  accuracy  of 
results. 

Most  compounds  can  be  classified  under  one  of  these  headings. 
Acids 

•  Bases 

•  Salts  (Brines) 

Acids  turn  blue  litmus  paper  red  and  "P"  indicator  colprless. 
Bases  turn  red  litmus  paper  blue  and  "p"  indicator  red. 
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'  Pure  water  is  seldom,  if  ever,  found  in  nature.  Impure  water  may  cause  scaik 
corrosion,  or  algae  to  form  in  air-conditioning  and  refrigeration  systems  using  \ 
cooling  towers  and  evaporative  condensers. 

pH  is  a  measurement  of  the  intensity  of  acid  or  base  in  a  solution.  A  pH  of  7  is 
neutral.   From  6. 9  to  0  a  solution  is  acid.  From  7. 1  to  14  a  solution  is  basic. 

Corrosion  is  the  destruction  of  metal  by  chemical  and  electrochemical  reaction. 
Chromates  and  polyphosphates  are  chemicals  used- to  form  protective  films  on  the 
metal  thereby  preventing  corrosion.  C 

Normally  three  tests  will  give  you  the  information  needed  to  treat  cooling  water 
used  in  cooling  towers  and  evaporative  condensers.  These  tests  are:  turbidity, 
hardness,  and  pH. 

Condensing  water  systems  and  recirculating  chill  water  systems  are  conditioned 
to  prevent  the  buildup  of  scale  and  algae  and  damage  from  corrosion.  This  extends 
the  life  of  the  unit  and  reduces  costs  cf  repairing  or  replacing  parts,  ^ 

Chemicals  are  fed  into  the  systems  in  measured  quantities  by  various  types  of 
feeders.  When  the  bleedoff  is  adjusted  properly,  the  concentration  of  mine  rale  can 
be  controlled. 


QUESTIONS 

4 

1.    Name  five  safety  practices  that  apply  to  mixing  chemicals. 


2.    What  are  burettes  used  for? 


3.    What  is  a  part  per  million  (ppm)? 


4.    What  is  the  chemical  symbol  and  common  name  for  sodium  crfforide? 
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s       5.    What  typt  of  injury  results  from  bodUy  contact  with  acids  and  bases?  ^-—^ 


6.  Explain  the  procedure  to  be  taken  in  case  acid  is  splashed  on  the  face. 

/ 

7.  What  is  the  effect  of  an  acid  solution  litmus  paper  and**'P"  indicator  solution? 


8"     Explain  the  meaning  of  pH.  J 


9ss    How  is  corrosion  prevented? 


10.     What  is  scale? 


11.     How  does  scale  effect  a  condensing  unit? 


t 


/  12.     How  is  scale  removed  from  a  condenser  chemically? 


13.    What  is  meant  by  reverse  solubility  of  calcium  and  magnesium  compounds? 
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14.     Name  five  methods  of  preventing  scale. 


15.    Explain  how  surface  active  agents  prevent  scale  formation. 


16.     What  is  turbidity* 


17.     What  is  algae? 


13.     How  18  algae  prevented? 


/  \ 


19.    What  is  the  purpose  of  water  conditioning? 

f 


20.     What  chemicals  are  admitted  to  water  by  feeders? 


21.     Where  is  the  briquette  feeder  mounted? 


1M 
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22.  Which  is  the  most  economical  feeder  for  adding  phosphate  to  the  system? 

23.  Where  is  the  acid  diluted  in  the  pot  type  feeder? 

24.  What  should  be  done  to  prevent  acid  from  causing  corrosion  at  the  point  it  enters 
a  pipe? 

# 

25.  In  what  form  are  the  chemicals  that  are  used  by  the  briquette  feeder? 

26.  In  what  form  are  the  chemicals  that  are  used  by  the  bypass  feeders? 
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ABSORPTION  AIR-CONDITIONING  SYSTEMS 


OBJECTIVE 


To  help  you  learn  the  scope*  application,  and  maintenance  of  the  lithium  bromide 
absorption  air-conditioning  system. 

INTRODUCTION 

The  use  of  aqua-lithium  bromide  absorption  system  began  in  1945.  The  principle 
was  a  century  old;  but,  until  this  time,  it  had  never  been  completely  safe,  successful 

or  economical.  . 

This  simplest  of  all  refrigerating  machine  uses  the  cheapest,  safest,  and  most 
available  of  all  refrigerants— water:  Water  is  stable  nontoxic,  low  cost,  readily  - 
available  and  has  970  BTUs  per  pound  latent  heat  of  vaporization.-  Its  absorbent  is-- 
lithium  bromide,  a  salt  solution.  Most  important,  large  quantities  of  water  are  readily  1 
absorbed  by  lithium  bromide  and  easily  separated. 

The  key  to  understanding  the  absorption  system's  operation  is  to  remember  the 
entire  unit  operates  in  a  deep— vacuum.   For  water  to  boil  in  the  evaporator  at  38°F 
a  vacuum  of  approximately  29.  65  inches  mercury  is  required.  To  illustrate  the 
necessity  of  maintaining  these  pressures,  an  increase  in  pressure  of^nly  0. 06  psi  in 
the  unit  will  increase  the  leaving  chilled  water  temperature  10°F. 

% 

This  system  is  used  far  air  conditioning  and  varies  in  capacity  from*  three  to 
5000  tons.  The  absorption  unit  is  in  tfreat  demand  at  the  present)  time  in  larger 
installations.  The  machines  low  operating  cost,  dependability,  minimum  maintenance 
and  space  requirement,  and  long  life  of  serviceability,  are  the  major  advantages  of 
absorption  systems.   However,  High  initial  installation  and  support  equipment  costs 
are  a  disadvantage. 

Operation 

The  absorption  refrigeration  unit  consists  of  a  generator  and  an  absorber  assem- 
bly.  The  condenser  and  generator  are  combined  in  the  generator  assembly,  or  upper 
shell  of  the  unit;  while  the  evaporator  and  absorber  are  combined  in  the  absorber 
assembly,  or  the  lower  shell  of  the  unit  The  control  panel  is  located  on  the  side  of 
the  absorber  assembly.  The  other  minor  units,  such  as  the  absorber  sight  glass, 
solution  heat  exchanger  and  the  solution  pump  are  usually  mounted  between'  the  support- 
ing legs  of  the  absorption  unit. 

To  understand  the  operation  of  the  refrigeration  cycle,  think  of  two  self-contained  ' 
vessels,  one  containing  the  salt  solution  (which  is  known  as  the  absorber)  and  the  other^X^, 
containing  water  (known  as  the  evaporator).  Join  the  two  containers  as  they  .are  in 
figure  16,  Ordinary  table  salt  absorbs  water  vapor  when  it  is  exposed  to  damp  weather. 
The  salt  solution  in  the  absorber  has  a  much  greater  ability  to  absorb  the  water  vapor 
from  the  evaporator.  The  water  that  remains  in  the  evaporator  is  chilled  by  evapora- 
tion, which  produces  a  refrigeration  or  cooling  effect  within  the  tank.  Both  the  absorber 
and  evaporator  are  in  a  vacuum.  This  vacuum  causes  water  to  boil  at  a  much  lower 
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temperature.  Because  of  this,  the  chilled  water  can  be  cooled  down  to  a  temperature 
of  38°F..  The  evaporator  has  a  pump  (shown  in  figures  17  and  18)  which  moves  the 
cooled  water  from  the  evaporator  tank  to  the  spray  header.  This  header  sprays  the 
cooled  water  over  the  surface  of  a  set  of  chilled  water  coils.  The  evaporation  and 
celling  effect  of  this  spray  on  the  surface  of  the  chilled  water  coils  cool  the  water 
inside  the  coils  as  it  recirculates  through  the  system. 


EVAPORATOR 
■PUMP 


Figure- 17. 


29 


GEKERATO* 


STEAM 


ATQR 

CHILLED 
WATER  OUT 

CHtLLEO 
water  m 


i 


*-  o  ° 


SOLUTION  PUMP 


EVAPORATOR 
PUHP 


Figure  18 

When  the  water  drip*  from  the  coils,  it  will  fall  into  the  evaporator  tank.  Some  of 
the  spray  will  be  absorbed  by  the  lithium  bromide  that  is  also  being  sprayed  in  the 
absorber.  After  the  salt  solution  has  absorbed  as  much  as  it  can,  the  solution  becomes 
weak.  It  will  not  absorb  any  more  water  vapor.  This  weak  solution  is  pumped  'hrough 
the  heat  exchanger  to  the  generator,  figure  19,.  where  steam  coils  cause  the  water  to- 
boil  off  and  leave  a  strong  salt  solution.  Tl  e  strong  solution  will  drain  from  the  gen- 
erator back  to  the  absorber.  The  water  vac  jr  will  rise  to  the  condenser.  The 
condensing  waterline  from  the  cooling  tower  will  cool  the  vapors  enough  for  them  to 
liquify.  This  water  flows  back. to  the  evapoi  ator  tank  where  it  is  pumped  through  the 
spray  header  across  the  coils.  The  vapor  that  did  not  condense  in  the  condenser' will 
flow  to  the  purge  unit,  and  the  none ond ens ab  e  air  is  discharged  into  the  atmosphere. 
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Figure  19. 

We  can  compare  the  basic  absorption  cycle  with  the  mechanical  compression  cvcle 
which  you  have  aireadv  learned.    Refer  to  hgure  20  as  you  proceed  i<  r  the  comparison. 

To  simplify  the  absorption  cycle  we  will  start  the  cycle  at  fhe  outlet  of  the 
condenser  ?.« i  not  at  the  compressor  as  you  are  accustomed  to, 

High  pressure  liquid  refrigerant  (water)  passes  from  the  condenser  (1)  through 
an  {irifi.ce  or  restrictor  (2)  and  expands   into  the  lower  pressure  evaporator  (3).  As 
the  refrigerant  (water)  is  discharged  from  the  orifice  into  the  evaporator  (3)  the 
refrigerant  (water)  is  cooled  by  flash  evaporation.  The  heat  will  flow  from  the  water 
circulating  through  the* conditioned  space  to  the  liquid  refrigerant,  vaporizing  the 
refrigerant.  ■  4 

* 

The  refrigerant,  now  a  vapor,  flows' to  the  absorber  (4)  where  the  pressure  is  the 
lowest  in  the  system.   In  the  absorber  the  vapor  is  absorbed  by  the  lithium  bromide, 
a  salt  solution.  A  combination  of  absorbent  and  refrigerant,  now  mixed,  forms  a 
diluted  or  weak  solution.  This  diluted  solution  being  heavier  than  the  strong  absorbent 
settles  to  the  bottom  of  the  absorber  shell  where  it  is  pulled  out  by  the  solution  pump  C 
t5).  The  weak  solution  is  now  pumped  to  the  generator  o/  concentrator  (6).  The 
rr frigerant  is  recovered  from  the  absorbent  in  this  component  by  distillation.   Heat  is 
/  plied  to  the  solution  by  means  of  low  pressure  steam  or  hot  water  boiling  out  the 
refrigerant.  The' strong  absorbent. solution  returns  to  the  absorber  and  repeats  the 
process.   The  refrigerant  vapor  passes  to  the  condenser  (1)  where  it  is  cooled  and 
condensed  by  cooling  tower  water  flowing  through  a  tube  bundle. 


31 


Figure  20.  Compression  -Absorption  Comparison 
Absorption  System  Components  -  Refer  to  figure  21,  Lithium  Bromide  System 

EVAPORATOR.   Chilled  water  flows  through  the  evaporator  tube  bundle.   It  is 
cooled  by  the  refrigerant  being  sprayed  over  the  tubes.  The  chilled  water  Is  then 
pumped  to  where  it  furnishes  cooling.*  A  refrigerant  collection  pan,  located  below  the 
chilled  water  coils,  collects,  and  stores  the  refrigerant  for  further  cycling. 

ABSORBER.  The  water  v^por  formed  in  the  evaporator  is  absorbed  by  the  lithium 
bromide  solution  that  is  being  circulated  in  the  absorber.  Cooling  water  from  the 
tower  flows  through  the  tube  bundle  in  the  absorber  removing  the  heat  of  absorption 
heat  of  condensation  and  sensible  heat.  The  lithium  bromide  must  be  kept  cool  to  ' 
absorb  water. 


GENERATOR.   Lithium  bromide  solution  is  pumped  from  the  absorber  to  the  gen- 
erator where  low-pressure  steam,  or  hot  water,  provides  the  heat  necessary  to  boil 
the  soltfion.  Boiling  removes  the  water  that  was  absorbed  in  the  absorber  and  makes 
a  strong  solution  out  of  the  weak  solution.  The  strong  solution  then  returns  t6  the 
absorber  section.   The  low-pressure  steam  or  hot  water  comes  fron/a  boiler. 

CONDENSER.   The  water  vapor  produced  in  the  generator  is  condensed  in  the 
condenser  by  the  relatively  cool  condenser  water  flowing  from  the  absorber.  A  water 
pan  collects  the  condensed  water  vapor  and  returns  it  to  the  evaporator  section, 

HEAT  EXCHANGER.  A. she  11  and  tube  heat  exchanger  in  the  lines  between  the 
absorber  and  generator  transfers  heat  from  the  hot  strong  solution  that  is  leaving  the 
generator  to  the  weak  solution  that  is  entering  the  generator.  This  increases  the 
machines  efficiency  by  causing  the  solution  to  be  in  the  generator  for  a  shorter  period 
of  time. 

"\ 
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PURGE  UNIT*  The  purge  unit  is  a  necessary  part  of  tike  machine.  It  removes, 

stores,  and  discharges  to  the  atmosphere,  .til  air  and  none ond ens ables  accumulated  in 

the  machine.   It  is  composed  of  three  basic  sections, 
f  ■ 

U    Suction  Chamber-   Weak  lithium  brdFide  solution  is  supplied  to  this  chamber 
frwn  the  discharge  of  the  solution  pump.   As  the  solution  cools  a  low  pressure 
urea  is  formed.   Noncondensables  arelhe  drawn  into  Ot^  chamber  from  the  absorber. 
Since  the  absorber  is  in  the,  lowest  vacuun  f  all  air  and  noncondensables  will  collect 
th*  re. 

.2-     Roturn  Chamber.   The  lithium  bromic  e  solution  and  all  noncondensables  flow 
mt  >  the  return  chamber.    In  this  chamber  the  air  and  noncondensables  bubble  up  to 
the  storage  chamber.    The  solution  is  ret  med  to  the  absorber  through  a  return 

valve,  «  • 

3.     Storage  Chamber.    The  noncondensab  »s  are  accumulated  in  this  section  until 
the  exhaust  evele  when  thev  are  discharge    tc  the  atmosphere, 

PUMPS.   The  pumps  that  are  used  wifc^  an  absorption  air  conditioner  are  usually 
oi  t'ie  centrifugal  t>pe.   Thev  are  equipped  vith  mechanical  seals  when  they  are  used 
in  a  vacuum,  as  they  are  on  an  absorption  ;  ir  conditioner.   These  seals  require  a 
heaii  of  water  for  lubrication  so  that  water   ather  than  air  enters  the  unit  in  case 
tht   <eal  leaks.   On  the  later  model  units  th   pump  and  pump  motor  are  hermetically 
sealed. 

Checks  and  Servicing  < 

SOLUTION  LEVEL.  The  solution  level  in  the  absorber  must  be  checked.  Normal 
operating  level  is  approximately  one -third  c  f  the  absorber  sight  glass  at  full  load 
operation.   At  partial -load  operation,  the  solution  level  will  vary  between  one -third 
and  two -thirds  of  the  sight  glass. 

ADD  OCTYL  ALCOHOL.   With  the  machine  running,  add  the  recommended  amount 
ni  octyl  alcohol  to  the  solution  through  the  alcohol  charging  valve  in  the  absorber  pump 
discharge ^ine.   The  discharge  pressure  of  the  absorber  solution  pump  is  approximately 
five,  to  fifteen  inches  of  vacuum;  therefore,  even  with  the  pump  running,  it  will  be 
possible  to  draw  the  alcohol  jntoghe  machine.   This  cleans  the  outside  of  the  tubes  in 
the  generator  and  absorber  and  improves  their  efficiency  in  transferring  heat. 

REFRIGERANT  LEVEL.   The  refrigerant  level  is  visually  checked  through  the 
sight  glass  located  on  the  evaporator.   At  a  high  level  tfie  water  may  spill  over  the 
evaporator  tank  into  the  solution  in  the  absorber,  causing  a  loss  of  operating  efficiency 
A  low  level  will  cause  the  evaporator  water  pump  to  surge  (cavitate)  when  it  is  running ' 
A  low  refrigerant,  level  results  in  less  refrigeration  effect. 

* 

DRY  VACUUM  TEST.   After  completing  the  annual  maintenance,  the  system  should 
be  checked  for  leaks.   Evacuate  the  system  until  an  absolute  pressure  of  at  least  03 
inches  of  mercury. is  read  on  the  manometer.   Record  this  reading.   Check  the  manom- 
eter again  24  hours  later.   If  there  is  no  loss  of  vacuum  then  charge  the  system  with 
solution  and  refrigerant  (water).   If  the  unit  does  not  meet  the  vacuum  requirements 
it  should  be  tested  for  leaks  with  a  leak  detector. 
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To  test  the  system  in  this  manner,  it  is  necessary  to  first  charge  the  unit  with 
refrigerant  R-12  and  water  pumped  nitrogen.  Charge  the  unit  with  R-12  to  five  psi 
ten  inches  of  mercury,  continue  charging  with  nitrogen  to  about  1 8  psig.  When  the 
charging  operations  are  completed,  test  the  svstem  for  leaks  with  a  leak  detector. 
Maie  permanent  repairs  to  any  leaks  found. 
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Figure  21.  Lithium  Bromide  System 
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.    CHARGING  WITH  REFRIGERANT  AND  SOLUTION.  After  a  LI  maintenance  is 
completed  and  the  system  passes  a  satisfactory  vacuum  test,  the  unit  is  ready  to  be 
charged  with  solution  and  refrigerant.  To  charge  with  refrigerant,  connect  a  vacuum 
{jump  to  the  purge  connection  and  let  it  run  for  several  minutes  to  lower  the  absolute 
pressure  of  the  system  (figure  22). 

Solution  Charging: 

1.  Connect  flexible  hose  to  \"  pipe.   Cut  end  of  pipe  at  a  45°  angle  to  prevent 
pipe  from  sealing  itself  on  botti  m  of  drum.   Fill  both  pipe  and  hose  with 
water. 

2.  Insert  pipe  into  drum  and  connect  flexible  hose  to  solution  pump  service 
valve.  v  . 

3.  Open  service  valve.   Charge  th<  system  with  the  amount  specified  by  the 
manufacturer  for  the  particular  unit.  Caution  should  be  exercised  to  never 
let  the  liquid  level  in  the  drum  drop  below  the  end  on  the  pipe.   If  this  should 
happen  air  would  be  drawn  into  the  unit. 

Refrigerant  Charging: 

1.  Same  procedure  as  solution  changing. 

2.  Insert  pipe  into  drum  and  connect  flexible  hose  to  refrigerant  pump  service 
valve. 

3.  Same  procedure  as  solution  changing. 
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Figure  22.  Charing  Refrigerant  or  Solution 

LEAK  CHECK.  Before  starting  the  unit  that  has  the  absorbent  and  refrigerant  in 
it  the  vacuum  should  be  checked.  Air  may  have  entered  the  system  during  the  charging 
process  or  through  a  leak  while  it  was  shut  down.   To  do  this,  take  a  manometer 
reading  (figure  23)  and  the  temperature  of  the  machine  room.   With  these  two  knowns, 
plot  the  pressure  temperature  curve  as  shown  in  figure  23A,  If  the  plotted  pressure  ' 
reading  is  more  than  .  1  inch  of  mercury  higher  than  the  pressure  located  on  the  curve 
there  is  air  in  the  unit.  If  this  condition  recurs  on  the  next  two  or  three  startups,  the 
unit  should  be  shut  down  as  soon  as  possible  and  tested  for  leaks.  Air  (oxygen)  in  the 
presence  of  lithium  bromide  salt  will  cause  corrosion  inside  the  unit  and  shorten 
equipment  life. 
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SOLUTION  CONCENTRATION  CHECK,  A  common  characteristic  of  the  lithium 
bromide  absorption  air  Conditioner  is  that  the  lithium  bromide  solution  will  crystallize 
>r  soli'dify  under  certain  conditions.  To  solidify  or  crystallize  means  the  absorbant 
changes  from  a  liquid  to  a^olid  state.   Solidification  will  cause  the  unit  to  stop,  but 
will  not  cause  permanent  damage  to  the  unit.  After  the  solution  is  desoiidified,  the 
unit  may  be  placed  back  in  operation.  To  desolidify  you  would  dilute  the  solidified  area 
with  system  liquids  and,  if  necessary,  apply  heat.  One  method  used  to  determine 
solution  concentration  tpercent  of  lithium  bromide  to  water)  is  as  follows.  We  will 
ust  some  figures  to  form  an  example  along  with  the  diagram  in  figure  25.   Use  100° 
tor  the  temperature  of  the  refrigerant  leaving  the  condenser.   Follow  the  100°  line 
upward  until  it  gets  to  the  diagonal  water  line,  mark  the  chart  at  this  point.   Use  160° 
for  the  temperature  of  the  solution  leaving  the  generator.  Using  the  mark  that  you  have 
already  made  on  the  chart,  go  horizonally  to  the  right  until  ycu  intersect  the  160° 
vertical  line.  At  this  point  read  the  solution  concentration  from  the  diagonal  lines f  it  - 
would  be  65  percent. 


Figure  24.   Removing  Refrigerant 

or  Solution 


REMOVING  REFRIGERANT  OR 
SOLUTION.  When  it  is  necessary  to 
remove  a  part  or  ail  of  the  system  charge, 
you  may  use  one  of  the  two  methods 
below.  On  some  units  the 'pump  discharge 
pressure  is  above  atmospheric.  On  these 
units  just  open  a  VUive  on  the  pump 
discharge  and  drain  out  the  quantity 
desired.  On  units  that  all  pressures 
are  below  atmospheric,  remove  the  - 
charge  using  the  following  procedure 
Refer  to  figure  24,  (1)  Connect 
vacuum  hoses  to  service  valve,  flask, 
and  vacuum  pump.   (2)  Operate  vacuum 


pui,ip  to  bring  flask  pressure  below  absorption  unit  pressure.    (3)  Open  service  valve 

and  solution  or  refrigerant  will  flow  into  flask. 


Absorption  System  Troubles 

In  this  discussion  of  absorption  machine  problems  we  will  limit  the  coverage  tp 
the  most  common  areas.  Crystallization  (solidification)  will  take  uo  the  major  portion 
of  this  subject  since  several  common  absorption  machine  problems  result  in  the 
absorbent  solidifing  (figure  25), 


POWER  FAILURE.  When  a  power  failure  occurs,  the  machine  pumps  stop  which 
seis  up  the  condition  necessary  for  crystalli  :ation.  The  power  failure  prevents  the 
machine  from  going  through  a  normal  dilut  on  cycle.   The  dilution  cycle  is  a  sequence 
which  mixes  the  weak  absorbent  solution  w  ;h  the  concentrated  absorbent  solution. 
This  mixture  produces  a  concentration  thai  will  not  crystallize  at  room  temperature. 
Without  the  dilution  cycle,  the  concentrate!  solution  will  cool  and  crystallize  at 
ipproximateiy  100°F. 
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Figure  25,   Lithium  Bromide  Solution  Chart 
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ABSORPTION  TROUBLESHOOTING  CHART 


/ 


! 

PROBLEMS            |  CAUSE 

REMEDY 

1,   Lithium  bromide 

solidifies  at  startup  [ 

i 

a.  Condenser  water  b<  low 
 designed  temper  ah.  re.  

a.  Reset  tower  water  bypass  valve. 

b.  Air  in  machine. 

b.  Purse  system. 

c.   Steam  pressure  too  high. 

c.  Reset  pressure  regulating  valve. 

2.    L  t hi ura  bromide 
solidifies  during 
operation. 

a.  Condenser  water  be  ow 
desira  temoerature. 

a.  Keset  tower  water  oypass  vaive. 

b.  Improper  purging. 

b.  Check  purge  system. 

c      Sail  build  1X3  cn  aninrH#r 

V  #        UMM                                            MM  VIM  will 

tube*  and  spray  nozzles. 

c.  Add  octyi  ale  oho  L 

2.   Low  capacity. 

• 

■ 

h  Air  m  machine.  

b#  Scale  in  condenser  t  ibes. 

b.  Remove  seals  and  treat  water. 

c.  Not  enough  solution  on- 
centratSon  in  generator. 

c.  Check  amount  of  steam  flow  and 
Dreesure. 

d.  Refrigerant  overflow  from 
evaporator  to  absorber. 

d.  Remove  part  of  refrigerant  charge. 

e.  Capacity  control  valve 
returning  too  much  weak 
solviioo  back  to  absorber. 

— !,  .           -     ■   - 

e.  Reset  control  to  correct  temperature 

* 

4.   Machine  shuts  down 

a.  Motor  overload  opens. 

a.   Find  reason  aid  reset  overload. 

on  safety  controls. 

b.   Low  refrigerant  temper- 
ature. 

b.  Check  temperature  controller. 
<       Reset  if  needed. 

5.   Solidification  during 
shutdown. 

a.   Dilution  cycle  not  long 
enough. 

a.  Lengthen  dilution  cycle  to  at  least 
i  minutes . 

b.  No  toad  when  diluting. 

b.  Open  reclaiming  vaive  to  put  load 
on  machine. 

6.   Air  leak  into 
machine. 

a.  Any  connection,  fitting,  or 
component  exposed  to 
atmosphere  may  be  cauf  e. 

a.  (I)  Perform  leak  check. 
(2)  Check  vertical  purge. 

7#   Los*  of  vacuum  at 
shutdown. 

a.  Air  leakage  into  machine. 

a*   (i)  Check  for  leakage  at  valves. 
(2)  Perform  leak  check. 

8.   Failure  to  keep 
machine  purged. 

a.  Air  ieakafe  into  machine. 

a.  Perform  leak  check. 

b.   Vertical  purge  not  removing 
noncondensabiss  properly. 

b.  (1)  Cheek  rate  of  purge. 
(2)  Purse  solution  solidified. 
Desolldlfy. 

Figure  26.   Troub*  shooting  Chart 
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'  t  „  n ONDENSER  WAT E R.  Condenser  water  is  the  water  coming  from  the  cooling 
]  u  S^ibSi  fflff  J a«  astern  at  the  absorber.  A  drop  in  this  water  temperature  below 
It      "  L    F  cf  ca*fe  ^e  8troo«  s°***°n  to  solidify  in  the  heat  exchanger.  Should 

i^^rnl^T*?  dr?  fr0m        to  55°F>  toe  te«P«-ature  of  the  diluted  solution 
going  through  the  heat  exchanger  would  be  too  cool.  This  would  reduce  the  temperature 
oi  the  strong  solut^vr.  saving  the  heat  exchanger*)  approximately  1O0OF,  thus  causing 
the  solution  to  begin  solidifying.  Accurate  control  isVery  important  for  condWser 
of  system  SSl^  *  ^  *****  "*  ^  ^^Um  but  also  loss  : 

LOSS  OF  VACUUM.  This  problem  may  x:cur  as  the  results  of  an  air  leak  loss 
l'  PJf^e,  bad  pump  seal,  etc.,  When  air  leaks  into  the  system  the  absorber  pressure 
rises  with  the  presence  of  noncondensables,  thus  limiting  evaporator  capacity.  The 
1™ ngT°v  Ued         temPeratwe  ^  then  r:se,  which  signauTthe  steanf  valve  to 
open.  This  causes  the  generator  temperature  to  increase  and  produces  a  more 
concentrated,  solution.  With  the  increasing  pressure  there  is  less  load  on  the  absorber 
wmch  results  in  a  decrease  in  the  diluted  solution  temperature.  This  cooler  diluted 
solution,  passing  through  the  heat  exchanger  cools  the  concentrated  solution 
sufficiently  to  cause  crystallization.  Air  let  cage,  without  a  doubt,  is  the  worst 
enemy  of  absorption  equipment.  The  conseq  .ences  are  serious  because  in  the  presence 
ot  air,  lithium  bromide  becomes  corrosive  t .  metal  and  is  subject  to  solidification 
As  you  study  the  troubleshooting  chart,  figure  26,  you  will  see  other  problems  with 
the  absorption  machine.  We  have  listed  some  possible  causes  and  remedies  for  these 
problems. 

ABSORPTION  UNIT  CONTROLS.  The  operation  of  an  absorption  air  conditioner 
can  be  compared  to  an  expensive  airplane.  When  either  one  is  out  of  control  they 
do  not  perform  the  way  they  should.  .It  is,  therefore,  important  that  you  understand 
the  control  circuits  of  the  lithium  bromide  s  ✓stem. 

Absorption  systems  use  electric,  electronic,  and  pneumatic  controls.   We  will 
explain  the  operation  of  a  typical  control  circuit  as  you  refer  to  figure  27. 

coolinu  tower  line  sh»w«^  fr  qL\  ?.      f!fr  C       }  8tartin«  ^  condenser  pump.  The 


Turning  the  systems  on-off  switch  (S-l)  on,  energizing  the  time  delay  relay  (TD). 
This  supplies-control  voltage  to  the  unit  pumps  line  starter  (LS-l)  thru  the  normally 
closed  low  temperature  control  (LTC),  motor  temperature  control  (MTC),  and  the 
liquid  level  switch  (LL)  starting  the  pumps. 

Energizing  the  unit  pump  line  starter  (LS-l)  doses  auxiliary  contacts  to  supply 
control  voltage  to  the  solenoid  air  valve  (SV-1).  This  opens  the  solenoid  supplying 
branch  pressure  to  the  steam  valve. 

Systems  water  temperature  changes  are  sensed  by  the  chilled  water  thermostat 

i'T-l)«  The  thermostat  responds  by  varying  the  branch  line  pressure  to  the  steam 

valve. 

When  lower  chilled  water  temperature  is  sensed  by  T-l,  indicating  that  cooling 
is  no  longer  needed,  the  branch  line  pressure  will  decrease  causing  the  pneumatic 
electric,  switch  fPE)  to  open.   This  deenergizes  the  condenser  pump  line  starter 
,(LS-3)  which  in  turn  deenergizes  the  time  delay  relay  (TD),  solenoid  air  valve  (SV-1), 
and  the  cooling  tower  fan  line  starter  (LS-4)  stopping  the  fan.  The  loss  of  control 
voltage  to  the  solenoid  air  valve  (SV-1)  causes  the  steam  valve  to  close,  stopping  steam 
to  the  generator. 

Prior  to  complete  shutdown,  the  unit  pumps  will  continue  to  operate  for  approxi- 
mately seven  minutes,  under  control  of  the  time  delay  relay  (TD),  allowing  the  mixture 
of  weak  and  strong  solution.   This  equalization  of  the  solution  throughout  the  solution 
handling  portion  of  the  system  eliminates  the  possibility  of  crystallization  during 
shutdown. 

The  purge  pump  and  purge  pump  solenoid  valve  (SV-2)  are  energized  by  closing 
the  purge  pump  on  and  off  switch  (S-2). 


STEAM  VAUVE 


<  Figure  27.   Lithium  Bromide  Electrical  System 
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Care  and  Handling  of  Lithium  Bromide 

hondiIitllUT«br0mid*  ir001*0**0'  nonflammable,  and  nonexplosive.  It  can  easily  be 

^S£^SlS^m  3!^  i0luti0n  U  chemicaUy^able  «*  not  u^ergo 
any  noticeable  change  in  properties  even  after  years  of  use  in  the  absorption  machine. 

Empty  metal  containers  used  for  solution  should  also  be  rinsed  with  fresh  water 

MS*  S'SSSS'L  ^  b.  uuTi,t  SfJE? 

tne  ayes.  It  should  be  washed  off  with  soap  and  water.  If  it  gets  into  the  eyes  wash  with 
SUMMARY 

,k    A?6  aJ?8f5rption  system  operates  on  the  principle  of  one  material  being  able  to 
absorb  or  take  up  the  vapors  of  another  s*stance  and  thus  reduce  the  preset 

a3se^v^T^^I1rgera?0n  v*1*™****  0{*  generator  assembly  and  an  absorber 
assembly.  The  condenser  and  generator  are  combined  in  the  generator  assembly  or 

SELm*!  °f  ^      •**°™to*  and  absorber  are KGoJu£ ffihJataaSw 

S^ly,;«s,         SitU  £.th'         The  C0Btroi  P"61  on  the  side  oTthe 

S^  ^L         l!:  Jhe  °fher  miaor  8uch  as  the  absorber  siglit  glass,  solution 

5nL~S55M£ 80lUtl0n  PUmP  m  — '  m0Uated  betw-n  ^  'upportS  legs 

Air  leakage  into  the  machine  is  the  cause  of  many  troubles.  It  will  cause  decreased 
SoSE^?  <"  *•  "tbium  bromide  solilS.  sSE  cSer 

ESSEX'S  rs^sssi       ta™    01 — - 

This  system  is  used  for  air  conditioning  and  industrial  process  cooling.  The 
evaporator  design  temperature  is  normally  380F.  These  units  are  made  in  a  wide 
range  of  sizes,  varying  from  3  to  over  5000 1  ms. 
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QUESTIONS 

t.      What  is  used  as  the  refrigerant  in  the  aqua -lithium  bromide  system? 


2.  '  How  can  you  iocate  a  leak  in  an  aqua -lithium  bromide  system? 


3.      What  is  the  purpose  of  routing  the  condensing  water  through  the  absorber? 


4.    What  is  the  purpose  of  the  purge  unit? 


5.    What  are  two  causes  of  soiutipn  solidification? 


0.    Whv  is  the  water  pumped  through  the  spray  header? 


7.      What  is  the  minimum  evaporator  temperature  in  the  aqua -lithium  bromide 
system? 


8.      What  safety  precautions  shoul^l  be  observed  when  handling  lithium  bromide? 
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9.     What  is  octyl  alcohol  used  for? 


10.     Solution  and  chilled  water  pumps  are  equipped  with  what  type  of  seals? 


11.     What  is  the  primary  application  of  the  lithium  bromide  absorption  system? 
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1.  Service  Manual.  16HA  Hermetic  Absorption  Machine,  Carrier 

2.  Textbook,  Refrigeration  and  Air -Conditioning  Service  Application  Manual  (Rs£s) 
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CHEMICALLY  TREAT  WATER  FOR  CORROSION 

OBJECTIVE^  -  .  ' 

You  are  required  to  chemically  treat  water  for  corrosion  by  adding  the  necessary 
chemicals. 

Testing  With  Litmus  Paper 

1.  Secure  a  250-miiiiiiter  &IL)  beaker. 

•  « 

2.  Pour  approximately  20  ML  of  sample  solution  marked  "pH-l"  into  the  beaker. 

\  * 

3.  Drop  a  strip  of  blue  litmus  paper  into. the  sampl? /solution. 

/ 


a.     What  color  does  the  fitmus  paper  turn? 


b.     Is  solution  "pH-l"  acid  or  basic?  -w 

f~  ■        —  ■  ^  1  

Clean  your  beaker  and  place,  approximately  20  ML  of  sample  solution  ^narked  <?  . 
"pH-2"  into  the  beaker. 

Drop  a  strip  of  red  litmus  paper sample   pH-2,f  solution, 

a.  What  color  does  the  iitmus  pjip^r  turn?  ;  a   -        ^  *  - 

b.  Is  solution  "pH -2*' acid  or  ba^ic?     -  -  ■  


NOTE:   Keep  your  "pH-2"  sample  for  the  ^*  test. 

*  \ 

Tef  ting  With  "P"  Indicator  '  ") 

-  ,v  '         t  ' 

1.     Place  about  five  drops  of  "PM  indicator  into  the  sample  of  *fpH -2"  solution. 

a.     What  is  the  color  of  the  solution?   ,   


b,  ?  Dqes  this  indicate  acid  or  basic?  *  ■  ** 

 ,  ,  _  :  

Testing  For  pH  Using  a  Color  Comparator 

1.    Obtain  a'pH  tester  and  place  it  on  a  clean, working  table. 

2*    Secure  a  sample  solution  marked  ffpH -3MN  ; 

^  S  '  ;      '  \  '       .  "/-' 

3,    Check  sample  "pH-3"  with  litmus  paper.  "              ^           \  '  '^/)% 
Is  t^e  sample  acid  or  basic?     ' 


4.    Select  a  pH  disc  and  place  it  in  the  comparator. 


What  disc  did  you  selectT 


5.  Fill  both  test  tubes  rathe  1 5  ML  mark  with  test  sample  and  place  them  in  the 
comparator.      .  - 

\  :  •  £  ' 

6.  To  the  left-hand  tube,  add  6.  5  ML  of  the  praper  pH  indicator  solution  and  mix  jt 
well.      '  •  ' 

7.  Lift  the  comparator  from  the  table  and  turn  the  lens  toward  natural  light  (not 
directly  into  the  sun). 

i 

.  >8.    Turn  the  disc  until  two  colors  match.  .  / 

.  ■       !\i  , 

9.    Read  the  pH  from  the  numbered  disc/ 

'  ■  - 

What  is  the  pH  of  sample  MpH-3M   4 

Adjusting  pH 


r  / 

X.    Add  either  dilute  solium  hydroxide  (NaOH)  or  dilute  sulphuric  acid  (H2SO4)  to  the 
sample  to  produce -a  pH  of  3.0, 

2.  Clean  ail  equipment  and  return  it  to  its  sapper  place/  ■  * 

*  i' 

3.  What  causes  corrosion?  


v  -  4.  'What  chemicals  are^sed  to  prevent  corrosion? 


5 A  What  acid  is  used  to  chemically  clean  a  system  that  has  mild  corrosion  in  it? 


4  •  . 

6.  To  raise  the  pH  of  water  what  is  used? 

7.  To  lower  the  pH  of  water  what  is  used? 


i 


T~ 


8.    ^What  are  surface  actiye  agents  ?    '' . 1  f~ 


%1 


How  does  a  surface  active  agent  work?       ■   .,   «. 

—      .  ,  — .........    ,   T 

 _  ^   -    .  _  :  :  

*     >                :  ^ 
 ^  :  \  r-z  :  «  :  

What  must  be  done  if  severe  corrosion  is  present  in  an  air-conditioning  system? 


V 


\ 


Checked  by  . 

.  K  4  Instructor 


* 


n. 


*  4  WB  3ABR54530-V1-5-P2 

'  >  _  CHEMICALLY  TREAT  WATER  FOR  SCALE 

OBJECTIVE  ,  ?  ^ 

...  -  # 

Each  of  you  are  required  to  chemically  treat  water  for  scale  by  adding  the  necessary, 
chemicals.  ?.- 

Phosphate  Test        •  .  V  ^ 

1 .  Preparation  of  dilute  stannous  chloride:  l 

\  . 

a.    Add  0.  5  ML  of  stannous  chloride  to  "Dilute  Stannous  Chloride"  bottle. 
*b.    Add  distilled  water  to  shoulder  of  bottle. 

^c.    Mix.*  - 

2.  Tqgt  Procedure 

-  a.  Secure  a  ph&sphate  color  comparator  .block,  one  bottle  Comparator  Molybdate 
Reagent,  one  dropper  bottle  stannous  chloride  reagent,  and  a  sample  of  cool- 
ing tower  water.  ^ 


d.    Add  sample  water  to  the  5  ML  mark  in  the  mixing  tube.  • 

-      c  ■  s 

c.  Add,comparatoj  Mciybdate  Reagent  to  bring  the  level  up  the  15  ML  mark. 

d.  Place  stopper  in  tip  of  mixing  tube  and  mix  by  inverting  the  tube  several  times. 

4 

e     Add  fresh  Dilute  Stannous  Chloride  up  to  the  17.  5  ML  mark. 

•  \ 

f.  Place  stoppe i-  in  top  of  mixing  tube  and  mix  by  inverting  several  times.  / 

g.  Place  mixing  tube  into  comparator  biock,  and  compare  colors. 

V  - 

h.  -  Your  sample  has   •   ■  ppm  of  phosphates. 

i 

i.  If  your  sample  is  below  the  required  amount  add  more  phosphates  to  your 
v  sample  and  re  test  water  sample.  \ 

j.    If  your  .sample  is  above  the  required  amount,  add  more  water  to  your  sample 
and  renest  water  "samnle. 


and  rerest  water  "sample, 
k.    What  causes  sc^e  to  form? 


1.    What  is  scale? 


V  ."         '  ■■  -  • 


in  * 

\£/H*it  f*in  Kci  Hnno  In  npAiMfii1  aha 

v. vt?  viudc  vU  prevent  SCSLic  f 

■  •  ,  •     ■  "  •  '  /■ 

* 

f  * 

_  I 

What  tests  are  performed  to- find  out  if  water  will  rtu«u»  ip 

f 

'  .  ,  !  i  - 

0. 

^  vriiA&w  cucli  wui  jw^if  iiavc  un  an  a.i r -c qitq i ^io in ncj  system  . 

*                     *  * 

t 

• 

/                               "                                    .  - 

Writ?  TP  Will  Qralp  fnpm  in  in  *iit*_ r»r\nW4  Mrint  *%cp  otrafaM1)  & 

1T&1W4  v.  »»ui  ovu 4cr       in  in  jtu  txii  ^ v Uiiv« 1 1 iuniruu  oysicrn  .  * 

q. 

— ' — — —  ^-r  r  

fthat  is  used  to  remove  scale? 

 :  ,  V.  Z  

r. 

kjCi6«in  nil  eauiDment  and  return  it  to  itq  nrnnpr  nlar*»* 

/  •           '  .  ■  . 

Cheeked  By 

instructor 
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e        CHEMICALLY  TREAT  WATER  FOR  ALGAE 

-OBJECTIVE  '  •     *  >  *• 

»»  •         .  » 

To  be  able  to  identify  a^gae  and  procedures  for  controlling  alga*  in  cooling  towers. 
Identification  of  Algae/ 

1.    Refer  t^tudy  Giiide  3ABR54530-VI-5  and  answer  the  following  qigst ions, 
a.    What  is  algae,?  J*  


 —  _ 

b.  What  pH  range^romotes  the  growth  of  algae?  *  Q 

From  ,  to  > 

 7  ; — ■  ■  -r— 

c.  What  is  the  effect  of  algae  on  £  cooliajg  tower  system? 
(1)  g» 

'  (2)  '    - 

J'(3) 


d.  ppm  to   ppra  of  chlorine  should  be  maintained  in  the 

cooling  tower  for  control  of  algae. 
'  Testing  and  Adjusting  Chlorine  Content  for  Algae  Control 

it,  « 

1.  Secure  a  sample  of  water  to  be  test 

2.  Fill  both  tubes  of  the  standard  comparator  to  the  15  ML  mark  with  test  sample? 


and  place  them  in  the  comparator  test£*v  J*  ^ 

3.  Using  the  graduated  dropper^  add  .  75  ML  of  or  tho-t  olid  ine' solution  to  tne  left-hand 
tube.  - 

* 

4.  Revolve,  the  chlorine  color  disc  until  there  is  a  match  in  color. 

■>  ,  • 

5.  Read  the  results  directly. 

N-  '  - 

/   I  ppm  Chloride 

Adjust  the  chlorine  content  of  the  sample  to  1.  5  ppm  using  tap  witer  or  calcium 
hypochlorite  solution.  ^  *  *■ 


'.  .  i. 

l  .... 

7.    Clean  all  equipment  and  rejurn  it  to  its  proper  place. 


/r/ 


Checked  by  _J_^^  

~     "  ".Instructor 
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WB  3ABR54530-VI-5-P4 
.     IDENTIFY  COMPONENTS  OF  A  WATER  CONDITIONING  SYSTEM 
OBJECTIVE 

To  identify  the  components  of  a  pot  type  water  conditioner.       '     \ ' ' 

*  4 

PERFORMANCE 

From  the  diagram  in  figure  t,  write  the  name.of  the  component  beside, the  match- 
ing number  in  the  diagram,  and  indicate  direction  6f  water  flow  using  arrows 

  !  6. 


_  Instructor 
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WB  3ABR5453:0-VI-6-PV 

t         IDENTIFICATION  OF  MAJOR  COMPONENTS  OF  A 
{  ,       LITHIUM  BROMIDE  ABSORPTION  SYSTEM  *< 

>  * 

OBJECTIVE  ,  '* 

'  /  * 

To  identify  the  major  components  of  a  Lfthtum  Bromide  Absorption  System, 

1.    Identify,  the  lettered  components  in  figure  2  #nd  write  th^ir  names  after  the  corre-  ^ 
s ponding  letters  below.  *       s  ,  * 

a. 


9 


b. 
c. 
d. 
e. 

i. 
g- 
h. 

i. 


I.  • 
m. 


^ — .  .  — ,  u  :  — l 


Checked  by  ) 
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WB  3ABR545'30-VI-6-P2 


•REFRIGERANT  AND  ABSORBAWT  FLOW 

( 


OBJECTIVE  £  v 

To  locate  and  trace  the  flow  of  refrigerant  and  absorbent  ift  a  Lithium  Bromide  System. 

1.  Obtain  a  red  and  bide  pencil  from  your  instructor, 

2.  Refer  to  figure  3  . 

3.  CoifS^j^  the  flow  of  weak  solution  from  the  bottom  of  the  absorber  to  the  generator 
rht  red.  Draw  an  arrow  to  show  direction  of  flow, 

4.  eplor  in  the  flow  of  strong  solution  from  generator  to  absorber  spray  nozzles  , 
using  hea^Py,  dark  -red  cojpring.  Draw  an  arrow  to  show  direction  of  flow,  / 

Color  in  primary  refrigerant  flow  from  condenser  to  evaporator  using  heavy  dark 
*    bkie*c£loring»  Draw  an  arrow  to  show  direction  of  flow. 

ffe.    Color  in  cooling  tower  water  using  light  blue  coloring.   Draw  arrow  showing 
direction  of  flow, 

7.    Color  in  chill-water  flow  using  a  regular  pencil,  .Label  the  chill-water  line 
"Chill  Water". 


8.  /locate  the/Steam  line  and  label  it  "Steam  Line". 


e. 


Checked  by 


Instructor 
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■    h  Figure  3  .  Lithium  Bromide  Absorption  System 

,  .  13  ' 
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CHECKING  MACHINE  VACUUM 

OBJECTIVE  %  '  / 

To  piot  a  pressure -temperature  curve  and  determine  the.qualrev-of  the  vacuum  inside 
an  absorption  system.  f*  '•'  • 

1.  Refer  to  figure  4  and  5  and  complete  the  material  below. 

2.  Figure  4  is  a  picture  of  a 

3.  Figure  5  is  a  picture  of  a 
chart. 

4.  To  determine  the  quality  of  the  vacuum,  two  things  must  be  known;  the  ambient 
>    and  the  present  j-eadmg. 


<'5.  ,  The  maximum  allowable  pressure  above  the  curve  is  of  one  inch  of  - 

vacuum.  <  .  *>         ■  t 

m 

6*  •  The  curve  on  the  P-T  chart  represents  the  corresponding  increase  in  presstirje 
for  each  increase  in   '  .   v  \ 

7;    The  curve  also  represents  the  decrease  in  pressure  that  would  follow  each  decrease 

/v. 


in 


6.    With  an  equipment  room  temperature  of  75°  and  a  manometer  reading  of  0.70,  the 

vacuum  would  be  (within  limits)  (outside  limits).  • 
•9.    With  a  room  temperature  of  75°  and  a  reading  of  0.  90,  the  vacuum  would  be 

(within  limits)  (outside  limits). 
10.    An  equipment  room  temperature  of  65°  and  a  press  reading  of  1.10  inches  , 

normally  indicates  that  the  system  has  _inside  ^t. 


Checked  by  

Instructor 

14 

<  207 


16 


*  * 

WB3ABR54530-VT-6-P4 
S  ADDING  AND  REMOVING  OF  REFRIGERANT  AND  ABSORB  ANT 

OBJECTIVE  N 


Each  of  you  are  required  to  learn- how  to  add  and  remoye\refrigerant  and  solution  to 
iufh  bro 

/ 

rant  or 


and  from  a  iithi\|fti  bromide  absorption  system,        ^   V^—  |  * 

Adding  Refrigerant  or  ^oiutioh 

1.  Refer  to  figures  6  and  7, 

2.  When  adding  refrigerant 'the  flexible  hose  iff  connected  to 

-  service  valve.         "  41  :  ? 

\ 

3.  When  adding  absorbent  the  flexible  hose  is  connected  to   ^ 

^  *  :  i 

<    .  .  or     \  ,       4    |      service  vaivte. 

4.  How  is^the  refrigerant  or  absorbent  forced  into  the  machine? 

.  'j  •  — - — 

■   »  

5.  Whv  is  the  pipe  cut  at  one  et\d  at  a  45°  angle?  / 


6.    Whv  is  the  flexible  hose  filled  with  water  before  Connecting  it  to  the  service  valve? 


Removing  Refrigerant  or  Solution 
1\.  Refer  to  figures  7  ancL^S. 


2.     What  are  the  two  methods  of  removing  refrigerant  or  solution? 


b. 


3,     What  is  the  heavy  glass  flask  used  for? 


4  i 

4.     When  removing  refrigerant  fit>m  the  system  the  vacuum  line  is  connected  to  what 


service  valve? 


17 


2ln 


4 


4 


When  removing  solution  from  thp  system  the  vacuum  line  is' connected  to  what 
service  valve  ?       j  m\  or    "  v..  - 


When  an  auxiliary  vacuum  pump  is  not  availably  whkt  is  used  as  a  vacuum  pump 
to  remove  refrigerant  or.solutipn?  ■   , 


When  removing  refrigerant  or  solution  froxp  the  system,  how  long*shouid  the 


vacuum  pump  be  run? 


i 


Checked  By 


Instructor 
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V 


\ 


PIPt    CUT    AT   45*  ANGLE 


SERVICE  VALwE 


WATER  OR  LITHIUM  BROMIDE 


C  HA  -  G?§ 


Figure  6  .  Charging  Refrigerant  or  Solution 
V 

•  .  a  ■ 


VACUUM  UNE 


VACUUM 

pump 


\ 


\ 


FLASK 


cm  -  o  j»c 


Figure.  7.  Removing  Refrigerant  or  Solution 
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STUDENT  NOTES: 


,     WB  3ABR54530-VT-6-P5 
ABSORB  AKT  ^CONCENTRATION 
/  PART  I 

OBJECTIVE 

This  project  will  give  you  practical  experience  in  determining  the  concentration  of  the 
strong  lithium  bromide  solution.  ^ '  * 

1.  Use  the  solution  chart  in  figure^  3.  '  * 

2.  Another  word  meaning/crystallization  is  . 

•  3.    To  use  this  chart,  we  must  know  the  temperature  of  the  refrigerant  coming 
out  of  foe   . 

4.  With  a  leaving  refrigerant  temperature  of  110°  and  a  leaving  solution  temperature 
•  of  170°,  the  solution  concentration  would  be   percent. 

5.  With  a  leaving  refrigerant. temperature  of  70°  and  a  leaving  solution  temperature 

r 

.  of  175°  we  can  expect  the  lithium  bromide  solution  to  be  -•  

6.  If  the  leaving  solution  temperature  was  160°  and  the  condenser  water  was  too  cold 
causing  the  temperature  of  the  refrigerant  leaving  the  condenser  to  be  75°,  the 
solution  would  be 


Checked  by  

Instructor 


*  PERCENT  CONCENTRATION 
0       30     40      45      50     55   -  60 


-10        0       10      20       iO      40      50      feO  70 


80      90     100     !I0    <I20     130     140    ISO    160    170    180    *9Q    200  210 

FAHRENHEIT  TEMPERATURE*** 

CM*     £  *  4 
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EQUILIBRIUM  DIAGRAM 
PART  n 


(  OBJECTIVE 


This  project  will  give  you  practical  experience  in  plotting  the  behavior  of  the  Lithium 
Bromide  solution. 


1.  Use  the  equilibrium  diagram  in  figure  10. 

2.  The  pressures  in  this  diagram  are  


3. 


pressures. 


Plotted  on  this  c*3rt  is  the  normal  behavior  pattern  for  Lithium  Bromide 
solution;  The  cu     wation  varies  from       -•  _to  


4.    The  specific  gravity  of  the  solution  is  determined  by  using  a 


5.    With  a  specific  gravity  of  1.71  and  a  solution  temperature  of  170  F  the 
concentration  of  the  Lithium  Bromide  solution  would  be  


6.  In  line  1    to  2  on  the  diagram,  the  absorber  is  absorbing  water  vapor.  Two 

things  are  happening  tier e- -the  concentration   and  the  solution 

temperature  . 

7.  .  When  the  solution  plot  falls  in  the  lower  right-hand  comer  of  the  diagram  below 

the  crystallization  line,  the  solution  will  • 

8.  If  there  were  too  much  steam  heat,  point  5  on  the  diagram  would  move  in 
which  direction?   '  


9.    Too  much  steam  would  cause  an 


i*  temperature  and  an 


in  concentration. 


10.    Point  5  to  6  on  the  diagram  represents  strong  solution  eater ing  and  leaving  the 


on  the  way  to  the  absorber. 


Checked  by 
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VAPOR  PRESSURE  tN  INCHES  OF  MERCURY  AiSOlUjE 


BOtDNC  TEMPERATURES' 


57 


58 


6  5 


59         60         61         62         63  64 
%    LITHIUM  BROMIDE   8Y  WEIGHT  IN  SOLUTION 


66 


67 


68  69 


C  w *  -  02  I 


Figure  1CL     Equilibrium  Diagram 
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WB  3ABR5453Q-VT-6-P6 


LITHIUM  BROMIDE  AIR-CONDITIONING  WIRING  DIAGRAM 


OBJECTIVE 


3. 
4. 
5. 


mSSX.        Wtrlng  dldsramS  f°r  USe  m  checkinS  astern  operation  and 

1.  Refer  to  figure  11. 

2.  Identify"  the  following  components:    '  H 

a. 


c. 
d. 
e. 
f. 

g. 
h. 

i. 


A. 


Draw  iines  connecting  all  components  In  the  Line  Voltage  Circuit. 
Draw  iines  connecting  all  components  in  the  Control  Voltage  Circuit. 
Have  the  instructor  check  your  work. 


s 


Checked  by 
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CONTROL  VOLTAGE  * 


LINE  VOLTAGE   \ 


Figure  11 


•  WB  3ABR54530-VI-6-P7 

t 

TROUBLESHOOTING  CHART  , 

:  k 

OBOtCTIVE,     ;  1  ^  ^ 

This  project  will  Aid  you  in  A*sin£  a  Troubleshooting  6hart  and  give  you  experience* 
in  using  one.  V  n 

Refer  to  figure  12  and  complete  the  statements  beiow- 

2.  Eacfc  manufacturer  of  absorption  systems  publishes  ah  aid  to  problem  salving. 
This  aid  is  a   \  :  - 

3.  Troubleshooting  charts  are  usually  divided -into  three  columns.  These  eeiumns 
are  labeled; 

a.  [  ' 

b.  '  ■  1    . 


4.  An  improperly  set  capacity  control  valve  can  result  in  the  condition  called 

* 

-   1 — —  •  f  : — t 

5.  Solidification  during  operation  can  happen  on  absorption  systems  because  of 

at  the  solution  pumps. 

■y —  -  -  —  —  ■  f    "  ■ 


6.    Air  inside  the  machine  can  result  in  two  conditions.   These  two  conditions 


are  and 


7,  A  unit  solidified  at  startup  because  of  excess  steam  pressure.  The  recommended 
remedy  is  to  *_  • 

1      ■    T  —  -  r  "   

8.  A  machine  solidified  during  operation  because  the  cooling  tower  water  was  too 


cold.  The  suggested,  remedy  is 


9.    Electrical  power  was  lost  just  as  the  dilution  cycle  was  started  ami  the  solution 

crystallized  in  the  heat  exchanger.  The  cause  of  solidification  according  to  the 

t   

Troubleshooting  Chart  is  ,    


Checked  by  
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CAUSE 

REMEBY 

L.ow  capacity 

'1,.- 

Improper  refrigerant 
charge. 

Check  overflow  tube. 
Remove  refrigerant. 

1 

2. 

Air  in  machine. 

Find  leak  and  repair. 
Purge  the  machine. 

\ 

\ 

»  ^ 

3. 

» 

c 

Solution  leaving  genera- 
tor below  220°F  at  full 
load. 

Ra£se  steam  pressure. 
Unplug  steam  strainer. 

4. 

Capacity  control  valve 
improperly  set. 

Reset  capacity  control 
valve  to  design  tempera- 
ture. 

\ 

5. 

Improper  purging. 

t  * 

Check  operation  of  the 
purge  unit. 

.4    -             .-  ' 

\ 

6. 

Condenser  water  tem- 
perature too  high  or 
&mall  condenser  water- 
flow. 

Reset  tower  bypass 
control.  Check  pump 
operation. 

<■  Solution  solidifies  at 
startup. 

1. 
2. 

;  Improper  purging. 

Cooling  tower  water 
too  cold 

Check  purge  operation. 

Reset  cooling  tower 
bypass  valve  to  design 
temperatures. 

3. 

Excess  steam  pressure 

Reset  steam  regulating 
•  valve. 

4. 

Air  inside  machine. 

Purge  the  machine. 

5. 

Poor  wetting  of  * 
absorber  tubes. 

Add  alcohol. 

Crystallization  of  Lithium 
Bromide  solution  Airing 
operation* 

to 

t 

i. 

2. 

Air  leakage. 
Seal  leakage. 

Check  unit  for  leaks. 

Close  seal  tank  makeup 
valve.  Check  seal  tank 
for  water  loss. 

3. 

Steam  pressure  high. 

"  Reset  to  design. 

4. 

Condenser  wafer  too 
cold. 

Check  and  reset  cooling 
tower  bypass  valve. 

r 

5. 

Dilution  cycle  less  than 
seven  minutes. 

Lengthen  dilution  cycle. 
Desolidify.  g 
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Sheppard  AFB,  Texas  j    -  *    ~  July  197^ 

AIR  COMPRESSING  EQUIPMENT  *, 

• .  )         •  * 

OBJECTIVE  f  1  '  . :  .  ^  ' 

x  '    -  % 

To  learn  the  purpose,; principle  of  operation,  ami  adjustment  of  air  compressriig 
equipment,  and  pneumatic  controls. 
INTRODUCTION 

♦   .  One  of  the  greatest  problems  in  air  conditioning  is  the  control  oflthe  cooling  and 
heating  effects.    Automatic  coprols  are  used  to  solve  this  problem  by  sensing  and 
controlling  the  amount  of  heating  or  cooling.  \ 

An  automatic  control  system  must  have  some  type  of  energy  for  operation.  Pneu- 
matic controls  use  compressed  air  for  operation,  and  electric  and  electronic  controls 
use  electricity  for  operation.  This  st^dy  guide  pertains  only  to  pneumatic  controls. 

It  has  been  found  that  the  basic  control  concepts,  taken  for  granted  by  "personnel 
working  in  the  control  industry,  are  not  generally  known  or  understood  by  the  layman. 

« 

F  , 

■  Si 

Fundamentals  of  Automatic  Control  I  , 


Automatic  controls  enable  man  to  complete  his  tasks  better  and  at  lower  operating 
cost  than  if  the  same  work  were  done  with  manual  controls.   Their  application  is  wide- 
spread.   It  would  be  difficult  to  enumerate  all  of  the  uses  of  automatic  controls,  but  a 
few.  examples  are  given  below  to  indicate  the  scope  of  the  subject.   Uses  range  from- 
the  simple  controls  in  home  appliances  and  automotive  devices  through  domestic  heat- 
ing and  commercial  comfort  air  conditioning  to  commercial  and  industrial  process 
controls. 

The  simple  thermostats  in  the  electric  flat  iron  and  electric  toaster  are  elementary 
examples  of  automatic  control.  The  numerous  automatic  controls  used  in  water  heaters, 
automatic  clothes  washers  and  dryers,  and  dishwashers  suggest  somewhat  more  com- 
plicated applications.   The  electric  thermostat  which  starts  and  stops  the  oil  or  gas 
burner  in  the  home  is  well  known.    Equally  important,  but  not  so  well  known7  are  the 
various  limit  and  safety  controls  necessary  to  the  safe  operation  of  the  burner. 

High  speed,  precision  mass  production  depends  on  automatic  control.    Fome  of 
these  systems  are  quite  complex.  Uniformity  of  manufacturing  conditions  and  products 
are  essential.    Automatic  control  provides  the  necessary  uniformity.  More  recent 
examples  of  complex  automatic  control  are  found  in  missile  launching,  tracking  and 
guidance  systems. 

Among  the  important  fields  making  use  of  automatic  controls  are'heating,  venti- 
lating and  air  conditioning.     From  earliest  times,  comfort  has  been  a  goal  of  man  so 
that  he  can  live  and  work  at  any  time  in  all  parts  of  the  world*. 


First  came  a  crude  shelter,  later  a  fire  to  warm  the  shelter.  Both  shelter  and 
heating  means  gradually  improved,  but  automatic  control  for  regulating  heat  dia  not 
begin  to  appear  until  the  end  of  the  nineteenth  century.    Today,  we  not  only  e^ect  the 
Places  we  live  and  work  to  be  heated,  but  to  be. cooled  when  needed,  as  well    We  ex- 
pect and  get  precise,  comfort  conditions  with  safety  and  efficiency. 


AIR  COMPRESSING  EQUIPMENT 


Air  Compressor 


The  air  compressor  plays  a  very 
important  part  in  pneumatic  control  sys- 
tems.   Figure  1  shows  a  typictJ  tank- 
mounted  compressor.    A  iorr.)Ctly  sized 
compressor  should  not  run  mo:e  than 
50  percent  of  the  time  to  maintain  opera- 
ting pressure.   A  thermal  overload  pro- 
tection is  usually  built  into  the  electrical 
circuit  to  prevent  damage  to  the  system 
in  event  the  compressor  drive  motor  be- 
comes overloaded. 

The  air  compressor  has  a  suction  •  r 
intake  filter  to  clean  the  air  that  goes 
into  the  compressor.    The  compressor 
pushes  *he  air  into  the  storage  tank  until 
th\  high  pressure  motor  control  stops  the 
electric  motor  that  is  turning  the  com- 
pressor. When  the  pressure  goes  down, 
the  control  turns  the  motor  on  again. 
The  air  leaves  the  compressor  and  goes 

r^fs  ?na  fllter  and'°n  to  the  Pressure-reduClng  valve  which  reduces  the  high  pressure 
to  iD-^u  psig  as  required. 


Figure  I.    Tank- Mounted  Compressor 


.    PREVENTIVE  MAINTENANCE. 
Although  the  components  of  all  control 
systems  are  of  the  highest  quality  avail- 
able and  should  give  years  of  excellent 
service,  it  istessential  that  the  following 
procedures  be  followed,  see  figure  2. 

Outside  Air  Filter.    This  should  be 
cleaned  each  30  days  and  replaced  at 
least  twice  each  year.  "A  greater  fre- 
quency of  cleaning  and  replacement  may 
be  required  depending  on  tlje  location  of 
the  filter  and  the  amount  of  dust  aUd  dirt  in 
in  the  air. 
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Figure  2-   Air  Compressing  System 
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Belt  Adjustment.    Belt  tension  and  condition  should  be  checked  every  30  days.  4li€ 
belt  should  deflect  approximately  1/4"  with  normal  hand  pressure;  if  the  deflection 
varies,  the  motor  should  be  moved  accordingly  to  adjust  the  tension.   Be  sure  to  lce,ep 
the  pulleys  aligned. 

Oil  Level.  This  must  be  checked  at  leal*t  once  a  month  and  changed  every  500  oper- 
ating hours  or  a&  specified  by  the  service  bulletin.   In  all  cases  use  a  paraffinic  base 
type  oil  especially  produced  for  air  compressors. 

Oil  Filters.    Large  installations  require  an  oil  filter  to  remove  the  oil  carried 
over  from  the  air  system.  When  properly  sized  these^should  be  replaced  every  90  days. 
Installations  that  do  not  have  an  oil  filter  should  be  inspected' weekly.   Oil  that  is  dijty 
or  white  in  color,  (indicates  rnjoisture)  should  be  replaced  immediately. 

Draining  of  Air  Tank  andiAir  Line  Filter.   The  air  tank  or  tanks  should  be  drained 
daily.   When  the  outside  air     cold  and  dry,  there  will  be  little  moisture,  but  when  it 
is  hot  and  humid,  water  will  cpilect  very  rapidly.   Do  not  try  to  outguess  the  weather 
but  check  regularly.  \  • 

Reducing  Valve' Output  Pressure.   Check  pressure  daily. 

Equipment  Cleanliness.    Equipment  should  be  kept  clean  and  its^perating  area 
kept  free  from  dirt.  \  !  J? - 

\  y      I  * 

Operation.   All  safety  devices!,  controls,  and  operating  devices  should  be  checked 
every  30  days  for  propeV  operation*.   Any  unusual  noises  or  indications  should  be  inves- 
tigated and  repaired  immediately. 

Machine  Guards.   All  machine  guards  on  equipment  must  be  secure  and  checked 

for  security  at  each  inspection. 

SUMMARY 

f 

Pneumatic  controls  must  be  supplied  with  energy  (energy  is  defined  as  the  ability 
to  do  work)  before  they  will  operate.    This  supply  of  energy  is  produced  and  stored  in 
the  air  compressor  assembly.  This  air  must  be  clean,  dry,  and  supplied  in  ample 
amounts.  To  insure  this  equality  of  air  we  as  refrigeration  and  air-conditioning  spec- 
ialists must  maintain  the  air  compressor  assemblies  to  within  certain  specification. 
By  proper  preventive  maintenance  and  periodic  checks  we  can  be  assured  of  a  supply 
of  air  capable  of  being  used  by  the  most  sensitive  pneumatic  controller-  ^ 


QUESTIONS 

1.  What  purpose  does  the  air  compressor  assembly  serve  in  a  pneumatic  control  loop  ? 

f  ■ 

2.  At  what  component  does  the  air  first  enter  the  system  ? 

3.  How  often  should  the  air  compressor's  oil  be  changed? 

-4.    What  purpose  does  the  safety  relief  valves  serve  in  the  air  compressor  assembly  ? 
i 

5.    Why,  should  a  correctly  sized  compressor  (not  operate  more  than  50  percent  of  the 
time  ?  t 
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PNEUMATIC  CONTROLS  ,  \    '   '  * 


OBJECTIVE 

To  learn  the  purpose,  principle  of  operation,'  and  adjustment  c<  pneumatic  controls. 
INTRODUCTION 

One  of  the  greatest  problems  in  air  conditioning  is  the  control  ol  the  cooling  and  . 
heating  effects.  Automatic  controls  are  used  to  solve  this  proklem  by  sensing  and 
controlling  the  amount  of  heating  or  cooling.  fr  '  •>  " 

An  automatic-  control  system  must  have  some  type  of  energy  for  operation.  Pneu- 
matic controls  use  compressed  air  for  operation,,  and  electric  and  electronic  controls 
use  electricity  for  operation.   This  study  guide  pertains  only     pneumatic  controls. 

It  has  been  found  that  the  basic  control  concepts,  taken  for  granted  tfc  personnel, 
working  in  the  control  industry,,  are  not  generally  known  or  understood- oy  the  layman. 

CONTROL  TERMS  AND  THEORY        *  1 

Control  Terms 

SUPPLY  PRESSURE.  The  energy  source  (compressed  air)  supplied  to  the  control- 
ler. It  is  usually  15  to  20  psig,  but  in  special  cases  may  be  some  other  value.  It  . 
comes  from  the  tank  of  the  air  compressor  through  a  pressure  regulating  valve,  which 
determinesthe  supply  line  pressure.  Supply  pressure  enters  a  controller  on  the  left  . 
and  is  often  referred  to  as  MAIN  air. 

CONTROL  SYSTEM.  A  grouping  of  instruments  that  control  or  regulate  a  variable 
(temperature,  humidity,  or  pressure)  and  maintain  it  at  a  predetermined  value. 

CONTROL  LOOP.  That  part  of  a  system  that  controls  the  variable  in  a  specific 
area.  ~'  .    .  1 

i  ' 

CONTROLLER.   An  instrument  that  measures  variations  in  the  controlled  variable 
and  produces  a  corresponding  control  action.  Thermostats,  humidistats,  and  pressure- 
stats  are  examples  of  controllers. 

CONTROLLED  VARIABLE.   The  variable  being  controlled.  Air  temperature, 
relative  humidity,  or  pressure.  v  '  . 

CONTROL  PRESSURE;    The  output  pressure  from  a  pneumatic  controller.  It 
varies  with  the  controlled;  variable  in  a  manner  determined  by  the  control  action.  Often 
referred  to  as  BRANCH  pressure. 

CONTROL  ACTION.  Type  of  action  (response)  produced  by  the  controller. 

Direct  Acting.  Applies  to  a  controller  that  increases  its  control  pressure  as  the 
controlled  variable  increases. 

Reverse  Acting.  Applies  to  a  controller  that  decreases  its  control  pressure  as  the 
controlled  variable  increases. 
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TWO  POSTiOlf  ACTION  (RESPONSE}.    Type  of  control  action  where  the  Control  ■ 
pressure  is  either  zero1  or  maximum  with  no  intermediate  steps.   Final  device  is 
either  ON  or  OFF,  OPEN  or  CLOSED. 

PROPORTIONAL  ACTION  (RESPONSE).   An  output  signal  changing  in  proportion 
to  the  amount  of  change  in  the  controlled  or  measured  variable.   It  may  be  any  value 
between  zero  or  maximum.    Final  device  is  in  any  position  between  full  open  or  closed. 


CONTROLLED  DEVICE.   The  final  control  element,  such. as  a  valve  or  damper. 

which  is  actuated  bv  the  controller  and  regulates  the  flow  or  effect  of  the  control  agent. 
.  **  ■  ' 

-  NORMALLY  OPEN.   A  controlled  device  that  automatically  assumes  an  OPEN 
position  when  control  pressure  is  removed.  It  requires  pressureto  close. 

NORMALLY  CLOSED;  A  controlled  device  that  automatically  assumes  a  CLOSED 
position  when  control  air  is  removed.   It  requires  pressure  to  open. 

..  ; 

CONTROL  AGE  ST.   The  medium  regulated  by  the  controlled  device.   Steam, -hot" 
or  chilled  water,  brine,  etc.   These  are  agents  and  effect  the  changes  in  the  controlled, 
variable.  •  • 

SENSING  ELEMENT.  '  That  part  of  a  controller  that  measures  the  change- in  tem- 
perature, humidity,  or  pressure  and  converts  this  change  to  movement. 

NOTE:    The  following  terms  pertain  to  calibration  and  adjustment  ©(^pneumatic 
controls.   A  thorough  knowledge  of  their  definition  is  essential  for  you 
to  operate  and  adjust  pneumatic  controls  and  insure  that  proper  calibra- 
tion is  accomplished. 

DESIRED  VALUE.   l£  the  value  of  the  controlled  variable  '{temperature,  humidity 
or"  pressure)  whiqh  it  is  desired  to  mkintain.    This  is  the  condition  we  WANT. 

SET  POINT.   The  value  of  the  variable  for  which  the  controller  is  let.   It  is  the  . 
target  value  which  the  controller  attempts  to  maintain.   This'is  the  condition  we  AS£ 
for.  r  /        '  ' 

CONTROL  POINT.  The  actual  value  of  the  variable  which  the  controller  is  main- 
taining at  any  given  time.   This  is  the  condition  we*GET*.  ^ 

DEVIATION.   The  difference  between  the  set 'point       the'  cpntrol  poinj&at  anv 
given  time.   When  the  difference  remains  constant,  it  is  called  offset. 

SENSITIVITY.   The  change  or  number  of  psi  the  controller  output  changes  per  unit 
change  in  the  controlled  variable,  '(psi/ degree  temperature*  (psi  percent  relative 
humidity)  (psi/ psi  pressure  change).   The  sensitivity  may  be  fixed  or  adjustable. 

THROTTLING  RANGE.  The  change  in  controlled  variable  required  to  produce  full 
movement  of  the  controlled  device  or  devices. 
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SPRING  RANGE.   The  range'through  which  the  signal  applied  must  change  to  pro- 
duce total  movement  »f  the  controlled  device  from  one  extreme  position  to  the  other. 

,  Nominal  Spring  Ran^e.  The  change  in  applied  signal  that  causes  total  movement 

-tyvhen  ihertf'is  no  external  force  opposing  the  operator.  If  is  the  range  listed  in  the 
hiahufacturer's  .service  bulletin. 

-  *  Actual  5prmg  Range.  The  change  in,  applied  signal  that  operates,  the  controlled 
device  under  conditions  when  it  must  overcome  forces  due  to  fluict'flow,  friction,  etc 
in  addition, to  nominal  spring  range/.  '  v     '  ...  - 


KXAMPLE-    An  operator  has  a  spring  with  to  range  oi  8  to  13  psi.   The  operator 
*  *  ,        will  not  move  until  8  ps*  is  applied  and. will  be  fully  actuated  at  13 

psi.   This  spring  nas  a  span  of  5  psi  i.e.  13  minus  8  equals  5  psi. 

U  must  be  noted  that  spring  range,  span,  throttling  range  and  sensitivity  haVe  a 
direct  relationship  to  each  other.   This  can  be  seen  bv  ihe  following  formula  and  tables. 

Formula:  degree  temperature  change  divided  into  psi  span  equals  sensitivity. 


TEMP 

OUTPUT 

VALVE 
POSITION  . 

TEMP 

OUTPUT 

VALVE 
POSITION 

77F  ! 

.    8  psig 

Closed 

1  1 

76F 

8  psig 

Closed  • 

•  - 

76  F 

7  psig 

1  4  Open 

75F 

6  psig 

1  2  Open 

75  F 

i     6  psig  • 

!  :  ' 

1  2  Open 

 — ■  T.  

-    74  F 

, — ,  -  j-  • 

4  psig. 

Wide  Open 

74  F 

5  psig 

3  4  Open 

ft«.  — 

2  psi  1  de^e 

73> 

4  psig 
:i  1  

Wide  Open 

t  psi  1  degree 


PROPORTIONAL  BAND.   The  change  in 
CENT  OF  THE  CHART  OR  SCALE  RANGE  (compare  to  throttli*  range). 
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Purpose  of  Pneumatic  Controls      ■    -  '  * 

-  ■•  • 

The  main  purpose  o*  pneumatic  controls  is  to. automatically  maintain  a  predeter- 
*  mined  condition  in  schools,  office  buildings,  hospitals,  and  various  places  occupied  bv 
people  and  equipment.  .* 

Application  of  Pneumatic  Controls  , 

*  *  « 

Pneumatic  controls  are  needed  when  we  desire  .to  automatically  control  temper- 
ature, relative  humidity;  pressure,  level,  flow,  and  various  other  conditions.  The 
prjmarv  applications  are  control  of  temperature,  relative  humidity,  and  pressure: 

Pneumatic  Control  System 

To  understand  the  pneumatic  control  system,  it  is  necessary  to  understand  all 
the  elements  that  produce  the  various  control  effects.   While  all  instrument  designers 
use  the  same  basi|  elements,  their  finished  products  differ  considerably  in  performs 
ance,  maintenance  requirement,  and  adjustment.  ; 

Essentially,  a  basjc  control  system  consists  of  a  controller,  ah  operator,  a  con- 
trolled device  and  the  energy  source  necessary  for  the  operation  of  these  devices. 
For  example,  the  controller  may^be  a  room  thermostat,  the  operator  may  be  a  damper 
operator,  and  the  energy  source  compressed*  air.    More  complex  systems  are  simply  1 
a  group  or  groups  of  suitably  coordinated  basic  control  systems.   Controls  can  be 
classified  according  to  source  of  energy  and  function. 

A  typical    control  system  is  shown  in  figure  3. 1 

u 


ROOM  HUMIOlSTAT 


QRAtN  VALVE 


CONTROLLED  A|R 


OAMPEH 


Figure  3.  Control  System 
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Control  Theory 

CONTROL  LOOP,   Ail  automatic  control  systems  have  a  common  pattern  which 
recognizes  the  relationship  of  "cause  and  effect,  "  that  is*  the  interdependence  of,  one 
thing  upon  another.   This  is  commonly  called  "feedback."  Feedback  make's  true  auto* 
matte  control  or^  self -regulation  possible.   The  following  examples  clarify  this  point. 

In  figure  4.  the^room  thermostat  (TR)  measures  the  temperature  of  the  air  sur- 
rounding it..  As  the  temperature  rises,  the  thermostat  causes  a  reduction  of  the  heat 
input  (HI)  to  the  room,  which  allows  the  room  temperature  (RT)  to  stop  rising  or  tu 
drop.   This,  in  turn,  affects  the  thermostat,  which  readjusts  its  influence  ahd  on  heat 
input  until  a  balance  is  stabilized.   Thus,  one  change  is  dependent  upon  another  and  a 
"closed  'loop  system"  has  been  established. 


■  .  r 

TR'ROOM  THERMOSTAI 
MI-HEAT  INPUT 
RT*ROOM  TEMPERAfURE 


Figure  4,  Closed  Loop  System  ^ 

There  are  three  basic  parts  which  must  be  considered  when  putting  together  a 
closed  loop  system.    They  are: 

The  Control  Agent,   This  source  of  energy  supplied 'to  the  system  can  be  either 
hot  or  cold,  such, as  steam,  hotjwater,  heated  air,  chilled  water  or  chilled  air. 

The  Controlled  Device.   A  valve  or  damper  can  be  either  Normally  Open  or  Nor- 
mally Closed  to  regulate  the  flow  of  the  Control  Agent.  It  is  chosen  primarily  for 
"failsafe"  operation 

The  Controller  Action.   A  controller  is  furnished  with  either  Direct  Action  or 
Reverse  Action.   This  will  allow  the  Wlance  mentioned  above. 


The  proper  combination  of  these  three  parts  must  be  applied  or  the  Closed  Loop 
Svstem  will  not. operate. 


PNEUMATIC  CONTROLLERS 


The  pneumatic  controller  is  an  instrument  that  measures  the  temperature,  humidit 
and  pressure,  or  varies  the  control  pressure  to  the  final  controlled  device  as  a  correc- 
tion is  needed.   The  controller  must  have  a  measuring  element  .to  sense  changes  in  the 
temperature,  humidity,  or  pressure  and  then  convert  it  into  mechanical  movement. 
The  mechanical  movement  will  cause  another  part  of  the  controller  to  change  the  con- 
trol pressure  going  to  the  final  controlled  device. 

Bleed  Controls 

The  simple  bleed  control  system 
sfcown  jn  figure  5  is  an  example  of  an 
automatic  control  accomplished  with  . 
c  o  mpre .«  sed^alr . 

Air  from  the  source  (air  compres- 
sor), after  it  has  been  reduced,  is  fed 
through  ^  restrictor  or  small  orifice, 
to,  a  leaRpoft.   The  restrictor  opening 
is  smaller  than  the  opening  in  the  leak- 
port.    Because  of  the  difference  in  size 
of  the  openings,  the  pressure  will  re- 
duce after  it  passes  the  orifice.  With 
the  lid  moved  away  from  the  leak  port 
as  in  figure  5  vou  can  see  that  the  gage 

to  the  valve  reads  0,psi.  Figure  5.    Simple  Bleed 

Control  Principle 

A  temperature  increase  causes  the 
lid  to  move  closer  to  the  leakport  ami  this  movement  reduces  the  amount  of  air  bleeding 
from  the  leakport.   The  a4r  continues  to  flow  through  the  restrictor.  and  since  the 
bleeding  is  reduced,  the  valve  pressure  increases.    The  valve  open,-;  and  causes  the 
temperature  to  be  lowered. 

A  decrease  in  temperature  causes  the  lid  to  move  away  from  the  leakport,  and 
more  air  can  bleed  to  the  atmosphere.   Since  the  restrictor  only  allows  so  much  air- 
flow, the  pressure  will  decrease.   This  decrease  in  pressure  allows  the  valve  to  move 
toward  the  closed  position,  reducing  the  amount  of  cooling  for  temperature-  control. 

Do  you  know  why  this  control  is  called  a  bleed  type?1  Think  for  a  minute;  can  the 
leakport  and  the  lid  make  a  positive  seal?  Does  the  orifice  change  in  size?  NO. 
Therefore,  in  a  bleed  type  the  air  bleeds  to  the  atmosphere  constantly. 
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A  two-position  controller  is  an  instrument  that  provides  a  full  output  signal,  or  no 
output  signal,  with  no  intermediate  steps.   It  is  also  known  as  an  'Qn-Ofr'  or  snap 

controller. 

The  controlled  device  can  be  a  valve  or  damper  operator  which  will  be  either  fully 
open  or  fully  closed,  depending  on  the  signal  from  the  two-position  controller.  A 
spring  •  n  all  controlled  devices  is  under  tension  at  all  times  and  will  return  the  con- 
trolled device  to  us  normal  position  when  the  controller's  signal  is  removed.  See 
figure  6. 


Figure  6,    Response  of  a  Two-Position  Controller 


A  proportional  controller  is  an  instrument  that  produces  an  output  signal  in  direct 
proportion  to  a  change  in  input  (controlled  variable).    The  output  signal  of  a  proportion- 
al pneumatic  controller  can  vary  irom  0  psig  to  the  maximum  pressure  supplied  to  the 
svstem.    Most  controllers  can  be  adjusted  to  vary  their  output  pressure"  for  a  given 
change  in  the  controlled  variable.    This  is  referred  to  as  "sensitivity."  See  figure  7. 
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Figure  7.    Response  of  a  Proportional  Controller  -    *  ^ 

We  have  discussed  the1  simple  bleed  type  controil^j^,  and  you  have  seen  how  the  % 
pressure  is  changed.    The  simple- bleed  control  is  not  as^ccurate  as  it  is  desired  in 
some  controls,  such  as  the  pneumatic  controllers  that  we  will  dispt&ss  later. 

For  a  more  accurate  control,  most  controllers  use.  a  pneumatic  relay. 

* 

The  standard  .proportional  pneumatic  re£ay  is  a  device  designed  to  be  supplied  with 
a  constant  supply  pressure,  and  uses  a  small  quantity  of  this  air  to  control  a  large 
volume  of  output  air  at  any  pressure  between  zero  and  full  supply  air  pressure.  The 
small  quantity  of  air  that  determines  the  output  air  pressure  is  called  pilot  air.   It  is 
a  small  portion  of  the  supply  air  admitted  to  the  pilot  chamber  through  a  pin  valve 
restrictor  set  for  5n  water  gage  pressure  with  the  pilot  chamber  open  to  atmosphere, 
i,e. ,  with  the  control  port  wide  open.   Pilot  air  pressure  varies  with  the  quantity  of 
air  passed  through  the  control  port.   The  quantity  passed  is  controlled  by  a  movable 
lid  usually  regulated  by  the  element  measuring  the  value  of  a  controlled  variable. 
Thus  the  output  ^ressbre  varies  in  proportion  to  changes  in  the  controlled  variable. 
Proportional  relays  are  of  two  types: 

.  DIRECT  ACTING.   A  relay  that  increases  output  pressure  when  pilot  air  increases, 
figure  8  ^ 

REVERSE  ACTING.   A  relay  that  decreases  output  pressure  when  pilot  air  in- 
creases, figure  9. 

OPERATION.    Both  direct  and  reverse  acting  relays  have  a  cone-shaped  valve 
that  serves  a  dual  function.   The  cone  closes  against  both  the  main  valve  seat  and  the 
exhaust  valve  seat. 

12    o  o 


In  as  main  vutvc  unction,  the  cone  is  nurmaily  closed  a&ainst  lhe*opening  between 
the  supply  air  jiassago  ^nd  the  control  air  c-hamber.   The  exhaust \al"e  action  is  in  the 

opposite  direction.  f";*.* 

Tin-  t-xhauM  valve  f>|>cning,  a  part  of  the  internal  mechanism,  moves  toward  the 
mur.  •  seating  iin  i he  c«»nc  surface  between  the  mam  valve  seat  and  the  tip  of  the  cone. 


/ 


Direct  Acting  Re  lav 


As  shown  in  figure  BA.  partially  closing  the  Control  port  causes  the  pilot  pressure 
to  increase  and  move  th^  pilot  diaphragm  and  spring-loaded  internal  mechanism  so  that 
l he  exhaust  valve  seals  on  the  main  valye  cone.   This  closes  the  control  chamber  to 
atmosphere.   This  Action  continues  and  the  spring -loaded  main  valve  is  forced  open, 
allowing  supply  air  to  pass  through  the  control  line.   Since  this  is  a  closed  line, v  pres- 
sure increase*  and  nets  gainst  the  control  diaphragm,  ^thus  opposing  the  movement 
caused  bv  the  increasing  pilot  pressure. 


iXxgyj 


BALANCED  CONDITION,    As  shown  in  ftgyre  80.  when  pilot  pressurje  stops 
changing,  the  control  pressure  increases  until  the  Combined  force  of.  the.,  springs  and 
control  diaphragm  equals  the  opposing  force  from  the  pilot  diaphragm.   The  main 
valve  is  held  tightly  closed  bv  its  spring  and  Uie  exhaust  valve  is  also  cibsed  against 
the  main  valve  cone.  'The  relay  is  Viow  in  a  balanced  petition  as  shown  in  figure  7B. 
No  air  enters  or  leaves  the  control"  chamber  and  output  pressure  remains  constant.  » 


A    INCREASING  PRESSURE 


B    BALANCED  POSITION  C    DECREASING  PRESSURE* 


Figure  8.    Direct  feting  Proportional  Relays 
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DECREASING  PRESSURE.  Openi^  the  control  port  as  shown  in  figure  8C .causes 
the  pressure  in  the  pilot  chamber  to  decrease.    This  causes  the  internal  mechanism 
and  exhaust  valve  to  move  away  from  the  main  valve  cone  which  remains  seated  and 
allows  the  air  in  the  control  chamber  to  pass  through  the  open  exhaust  valve  and  escape 
to  atmosphere  through  the  exhaust  port.   The  decreasing  pressure  in  the  control  cham- 
ber reduces  the  pressure  on  the  control  diaphragm  until  the  exhaust  valve  closes  and 
the  relay  is  again  in  balance.  I 

Reverse  Acting  Proportional  Relays 

\ 

The  reverse-acting  relay  is  similar  to  the  direct-acting  relav  except  thai  the  pilot 
pressure  is  applied  to  the  opposite  side  of  the  pilot  diaphragm  and 'its  direction  of  oper- 
ation is  opposite.  A  third  diaphragm  is  added  between  the  pilot  and  control  diaphragms 
to  act  as  a  seal  to  maintain  atmospheric  pressure  in  the  center  chamber.   See  figure  9. 


A    INCREASING  PRESSURE  B    BALANCED  POSITION  C    DECREASING  PRESSURE 


Figure  &    Reverse  Acting  Proportional  Relays 

t 

A  spiral  spring  with  adjustable  compression  opposes  movement  of  the  internal 
mechanism.   The  spring  compression  and  its  resultant  force  in  the  reverse-acting  re- 
lay determine  the  amount  of  pilot  pressure  required  to  start  the  main  valve  moving 
toward  its  seat.   The  main  valve  is  normally  open  and  the  exhaust  valve  is  normally 
closed.   All  diaphragms  are  attached  to  the  internal  mechanism  and  the  exhaust  pas- 
,  sage  through  the  internal  mechanism  discharges  its  air  into  the  spiral  spring  chamber 
formed  by  the  pilot  diaphragm  and  the  spring  housing.    A  hole  in  the  center  of  the 
houiing  allows  the  air  to  escape  to  atmosphere  when  the* valve  is  open. 
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\  INCREASING  PILOT  PRESSURE.  On  an  increasing  pilot  pressure,  figure  9A,  the 
pilot  diaphragm  overcomes  the  spring  force  to  move  the  internal  mechanism  toward 
the  spiral  sprrng.   This  action  allows  the  main  valve  spring  to  close  the  main  valve. 
As  this  movement  continues,  the  exhaust  valve  passage  opening  moves  away  from  the 
main  valve  cone  allowing  the  control  air  to  escape  througlUhe  passage  to  atmosphere. 
This  reduces  the  pressure  in  the  control  chamber  until  the  control  air  is  completely 
exhausted  or  a  balanced  condition  is  reached  as  shown  in  figure  9. 

The  relay  we  have  been  discussing  uses  a  cone-shaped  valve  to  control  the  output 
of  the  controller.    The  controllers  we  will  use  in  the  classroom  are  of  the  flapper  type. 
All  operating  theorv  remains  the  same  except  the  cone  is  replaced  w*th  a  flapper  which 
is  not  as  subject  to  vibration  and  also  the  relay  has  a  fixed  restrictor  Which  is  set  at 
5  inches  water  gage.    See  figure  10- 


FIXED  RESTRICTOR 


PSLOT  PRESSURE  CHAMBER 


CONTROL 
PRESSURE 


Figure  1°-  Flapper  Type  Relav 


PNEUMATIC  VALVE 

The  pneumatic  valves  are  designed  for  precise  regulation  of  water  or  steam  flow 
through  heating  or  cooling  equipment  in  response  to  demand  signals  from  a  pneumatic 
controller    Valves  are  offered  in  a  wide  range  of  standard  sizes  and  capacities  to 
meet  anv  requirements.'  and  in  a  variety  of  body  patterns  and  connections  to  allow 
flexibility  of  application.    However,  there  are  only  three  basic  body  styles  and  all 
patterns  fall  into  one  of  these  styles:  normally-open,  normally-closed  and  three-way. 
The  nprmailv-open  valve  will  close  when  air  pressure  from  the  controller  is  applied 
to  the^diaphragm.  ■  A  normally-closed  valve  will  open  when  the  air  pressure  from  the 
controller  is  applied  to  the  diaphragm.- 
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The  third  type  is  the  three-way  valve.   This  may  be  called  a  mixing,  a  diverting,  or  a 
bypass  valve.   There  are  three  connections  on  tfts  type,  common,  normally  open,  and 
normally  closed   The  mixing  valve  has  two  inlets  and  one  common  outlet.   Air  pressure 
from  the  controller  regulates  the  inner  valve  so  that  the  entire  flow  is  from  either  one 
of  the  two  inlets  or  a  portion  from  both.    Bypass  or  diverting  valves  tave  one  inlet  and 
two  outlets.   The  flow  is  directed  to  either  one  of  the  two  outlets  when  air  pressure 
from  the  controller  is  applied  to  the  valve  operator.   Any  portion ^of  the  tlow  can  be 
directed  to  both  outlets  by  an  intermediate  air  pressure  in  the  operator. 


In  the  operation  of  the  pneumatic  valve,  air  pressure  from  the  controller  enters 
the  diaphragm  chamber.    The  pressure  rise  in  the  chamber  causes  the  diaphragm  to 
push  the  plate  down  against  the  spring.   The  spring  is  compressed,  and  the  valve  disk 
or  plug  is  rfioved  against  or  away  from  the  valve  seat,  depending  on  whether  it  is  a 
normally  open  or  normally  closed  valve.   The  valve  should  be  installed  to  close  against 
the  flow  to  prevent  the  flow  from  slamming  it  shut. 

The  amount  of  pressure  required  to  move  the  valve  from  open  to  close  is  the  spring 
range.   The  spring  range  of  a  valve  can  be  determined  by  applying  pressure  to  see  when 
the  valve  starts  moving  and  when  it  has  moved  as  far  as  it  will  go.    If  the  valve  starts 
moving  at  7  psig  and  completes  its  move  at  11  psig,  the  spring  range  is  1  to  11  psig. 
The  midspring  range  is  used  in  the  calibration  of  a  controller,  so  it  is  important  to 
understand  this  term. 

The  midspring  range  between  the  high  and  low  psig  of  .11  and  7  is  9,   This  midr 
spring  range  can  be  determined  by  adding  the  high  and  low,  and  dividing  by  2  (11  +  7  =  18 
and  18  +  2  is  9).   When  the  controller  sends  9  psig  to  the  diaphragm,  the  pneumatic 
will  be  positioned  half  open. 


SPIDER 
SPRING 


The  different  components  of  a  pneu- 
matic valve  are  shown  in  figure  11.  As 
stated  before,  the  controlled  device  con- 
sists of  the  pneumatic  operator  and  the 
unit  (valve)  that  controls  the  flow  of  the 
control  agent.  The  parts  that  form  the 
operator  are  the  top,  diaphragm,  dia- 
phragm plate,  spider  with  setscrews, 
stem  extension,  spring  plates,  spring 
and  yoke.   The  parts  of  the  valve  are 
the  body,  bonnet,  disk  or  plug,  and 
the  seat. 


The  rubber  diaphragm  operator 
has  a  molded  reinforced  rubber  dia- 
phragm enclosed  in  a  strong  metal 
housing  for  protection  against  dirt 
and  damage.    This  operator  is  avail- 
able in  four  sizes  and  can  be  used  on 
valves  up  to  eight  ipches  in  size.  The 
entire  operator  can  be  removed  bv  loosening  three  screws. 


•  TOP 

RUBBER 
*"  DIAPHRAGM 
DIAPHRAGM 

PLATE 
SET  SCREW 

_  STEM  EXTENSION 

SPRING  PLATE 

PACKING  NUT 

BONNET 
DISK  PLUG- 
SEAT 


Figure  11.  Components  of 
Pneumatic  Valve 
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DAMPER  OPERATORS 


^  Damper  operators  are  used  to  control  the  flow  of  air,  its  operation  is  similar  to  1 

^  that  uf  the  pneumatic  valve, 

\       The  majorttv  of  damper  operators  are  of  the  piston  type.   This  operator  ha§  a  long- 

powerful  straight  stroke  which  requires  no  lever  arrangements. 

\ 

\     Air  from  the  controller  is  applied  to  the  molded  diaphragm  which  has  a  positive 
seal  to  prevent  leakage,  figure  16.  This  air  pressure  expands  the  diaphragm  forcing  ^ 

piston  and  stem  outward  against  the  force  of  the  spring.   The  movement  of  the 
piston  varies  proportionally  with  the  ajj£  pressure  applied  to  the  diaphragm.  Jhis  air 
pressure,  from  the  controller,  varies  over  the  full  pressure  range. 

The  sprint:  returns  the  operator  to  its  normal  position  when  the  air  pressure  is 
removed  from  the  diaphragm.    Full  movement  of  the  operator  can  be  restricted  to  set 
iiniits  by  using  various  spring  ranges.    The  most  common  spring  range  is  5  to  10  psi. 
With  this  spring  the  operator  is  in  its  normal  position  when  the  air  pressure  applied  to 
the  diaphragm  is  5  psi  or  less.   Between  5  and  10  psi  ihe  stroke  will  be  proportional 
to  the  air  pressure  in  the  diaphragm.   Abo/e  10  psi  the  operator  will  be  at  its  maxi- 
mum* stroke. 

Piston  operators  can  be  mounted  on  the  damper  frame  and  coupled  directly  to  the 
damper  blades.   In  some  cases  the  operator  is  mounted  on  the  duct  work  and  Coupled 
to  the  damper  blade  axis  through  a  crank  arm  ami  linkage  arrangement.   Reversal  of 
the  action  of  the  operator  on  the  damper  is  obtained  by  mounting  the  operator  in  the 
opposite  direction. 

Dampers 

There  are  many  sizes  and  stvies  of  dampers  each  depending  on  the  installation  and 
purpose.    However,  there  are  four  basic^  types.    Figure  12  shows  a  proportioning  type 
with  the  blades  rotating  in  the  opposite  direction.   A  damper  with  parallel  blades  is 
shown  in  figure  13.    A  mixing  damper  c^n  be  seen  in  figure  14.    Figure  15  is  a  volume 
damper.   Depending  on  the  function  of  the  damper  the  blades  may  be  normally  open  or 
normally  closed.    The  mixing  damper,  figure  14,  has  one  set  of  blades  normally  open 
and  the  other  sel  normally  closed. 
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OAMPf  U 
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Figure  12.    Face  and  Bypass  Damper 


Figure  13.   Damper  with 
Parallel  Blades 
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Figure  14.   Mixing  Damper 


Figure  15.   Volume  Damper 


PRESSURE  POSITION 


All  sizes  of  piston  type  operators 
are  provided  with  adjustable  stops  for 
limiting  the  stroke  of  the  operator  in 
the  "normal"  position,  as  well  as  in 
the  "pressure11  position.  The  latter 
is  the  position  which  the  operator  as- 
sumes when  full  air  pressure  is  ap- 
plied to  it.   When  a  piston  type  oper- 
ator is  attached  to  a  dainper  or  other 
controlled  apparatus,  it  is  very  im- 
portant that  these  stops  be  adjusted 
properly,  as  the  incorrect  adjustment 
of  stops  may  cause  damage  to  the 
damper  operator  oV  the  damper,  due 
to  the  great  power  of  the  piston  type 
operator.   Figure  16  indicates  the 
piston  type  damper  operator  with  the 
piston  in  the  two  extreme  positions  of 
the  stroke,  the  "normal"  position, 
which  the  piston  assumes  when  air 
pressure  is  exhausted,  and  the  "pres- 
sure" position,  which  the  piston  assumes  when  full  air  pressure  is  applied^  Referring 
to  figure  16 ,  stop  nut  "3"  is  screwed  on  piston  rod  "7"  and  is  locked  in  place  by  lock- 
nut  "2. "  The  piston  is  in  the  jiormal  position  and  the  force  of  spring  "8"  pulls  stop 
nut  "3"  tightly  against  cap  "4"  of  the  damper  operator.    Therefore,  stop  nut\"3"  pro- 
vides the  normal  position  limit  of  the  stroke  of  the  damper  operator.   By  screwing 
stop  nut  "3"  in  or  out,  the  "normal"  position  limit  of  the  stroke  can  be  adjusted. 

When  air  pressure  is  applied,  piston  "9"  moves  outward  against  the  tension  of , 
spring  "8, "  until  the  end  of  the  piston  strikes  stop  screws  "5."  Stop  screws  "5"  are 
screwed  into  cop  "4"  and  provide  the  pressure  limit  of  the  stroke  of  the  damper  oper- 
ator. They  are  locked  in  place  by  nuts  "6. "  By  screwing  stop  screws  "5"  in  or  out, 
the  pressure  position  limit  of  the  stroke  also  can  be  adjusted.  As  stated  above,  the 
correct  adjustment  of  the  stops  is  very  important.  In  the  fully  open  or  the  fully  closed 
position  of  the  damper  blades,  the  travel  of  piston  "9V  must  be  stepped  by  screws  "5" 
or  nut  "3, "  and  not  by  the  pamper.  L% 


Figure  16.  Positions  of  Piston  Operator 
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For  example,  as  the  blades  of  a  normally  open  damper,  approach  their  closed 
position,  the  end  of  piston  "9"  approaches  stop  screws  "5. "  If  stop  screws  "5"  are 
screwed  out  too  far.  the  damper  will  be  closed  before  piston  M9"  has  peached  screws 
"S."  The  damper,  being  fully  closed,  will  prevent  piston  ,,9,t  from  moving  further 
and  the  full  force  of  the  air  pressure  will  be  transmitted  through  piston  rod  "7" -and 
connecting  rod  "1"  to  the  damper  blade.   This  puts  a  great  strain  on  the  rods,  as  well 
as  on  the  damper  blades  and  may  bend  these  parts  out  of  shape*    For  correct  adjust- 
ment, stop  screws  "S"  should  be  screwed  in  so  that  .the  end  of  piston  "9"  seats  against 
these  screws  at  the  moment  when  the  damper  blades  reach  the  closed  position.  Piston 
"9"  then  cannot  move  further,  and  no  strain  is  put  on  rods  f#7if  and  "1.  "  The  force  of 
the  air  pressure  acts  against  stop  screws  "5. "  and  these  screws  are  designed  to  carry 
the  force  safelv.   It  is  also  important  that  both  stop  screws  "5if  be  screwed  in, an  equal 
distance.   Otherwise,  piston  "9M  will  rest  against  onlv  one  of  the  stop  screws,  and  the 
air  pressure  will  tend  to  tip  the  piston. 

if  stop  screws  "5"  are  screwed  in  too  far,  they  will  stop  piston  M9,f  before  the 
damper  has  closed  iullv,  and  this  will  prevent  the  damper  from  closing  completely. 

Stop  nut  3,  "  which  limits  the  travel  of  piston  "9, "  at  the  other  end  of  the  stroke, 
must  likewise  be  adjusted  carefully.  The  proper  adjustment  of  this  nut  is  determined 
bv  consideration  similar  to  those  explained  above. 

Therefore,  the  adjustable  stops  which  limit  the  travel  of  piston  "9"  at  either  end  of 
the  stroke  should  be  adjusted  so  as  to  permit  a  full'M  degree  movement  of  the  damper 
blades,  vet  thev  must  prevent  the  damper  operator  from  putting  any  strain  on  the  link- 
age or  on  the  damper  blades,  when  the  damper  is  fully^closed  of  wide  open.   To  do  this 
properly,  the  stops  must  be  adjusted  so  that  pistffo  "9,f  reaches  the  stop  at  the  same 
time  that  the  damper  blades  reach  the  closed  or  open  positions,  respectively.   If  the 
stops  are  screwed  in  too  far.  they  will  not  permit  the  damper  to  open  or  close  com- 
pletely.  Vice  versa,  if  they  are  screwed  out  too  far;  they  will  not  stop  the  piston  in 
time  to  prevent  the  damper  operator  from  putting  strain  on  the  connecting  rods. 

Spring  Ranges 

The  control  pressure  range  in  which  piston  type  damper  operators  operate  is  de- 
termined bv  the  characteristics  of  springs  "8. "  A  number  of  different  springs  are 
available.    The  springs  for  the  various  ranges  of  a  certain  size  operator  are  all  of  the 
same  outside  diameter,  are  compressed  to  the  same  length  when  assembled  in  the 
operator  and  therefore  are  interchangeable. 

Lubrication 

Piston  rod  "I"  which  slides  in  a  long  bearing  which  is  part  of  c^p  M4M  is  covered 
in  the  factory  with  a  lubricating  film  and  needs  no  further  lubrication.     No  oil  should 
ever  be  applied  to  this  rod,  for  if  oil  should  find  its  way  to  the  rubber  diaphragm,  it 
might  deteriorate  the  rubber. 
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PILOT  POSITIONER 

A  pilot  positioner  is  a  relay  applied  to  the  operator  of  a  controlled  device,  which 
permits  maximum  and  accurate  positioning  of  the  controlled  device.   Friction  to  move- 
ment of  the  controlled  device  can  be  overcome  by  using  a  pilot  positioner.  The  accur- 
ate control,  possible  only  with  the  pilot  positioner,  Is  obtained  by  maintaining  a  bal- 
ance between  the  control  pressure  (now  called  pilot  pressure)  from  the  controller  and 
the  position  of  the  stem  of  the  controlled  device,  acting  on  a  spring. 


Figure  17.    Pilot  Positioner. 

i 

A  cross  section  of  the  pilot  positioner  is  shown  in  figure  17.  The  controller  pres- 
sure enters  the  pil<jt  chamber  and  causes  it  to  expand  upward  when  the  pressure  rises. 
The  upward  motion  is  transferred  to  the  lever  which  rotates  above  the  pivot.  The 
other  end  of  the  lever  is  forced  down  against  the  exhaust  valve  assembly.   The  down- 
ward motion  closes  the  exhtutst  valve  and  pushes  the  supply  valve  open.  The  supply 
pressure  begins  running  into  the  control  pressure  chamber  and  out  of  the  outlet  to  the 
valve.   If  the  valve  moves  and  stretches  the  spring,  it  cancels  or  equals  the»pilot  pres- 
sure and  the  relay  is  balanced  (supply  and  exhaust  closed).   If  the  stem  does  not  move 
(due  to  friction,  etc),  the  relay  keeps  adding  pressure  until  it  does  move  to  the  right 
position.  * 
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A  drop  in  the  controller  pressure  will  cause  the  pilot  chamber  to  collapse,  since 
the  spring  is  pulling  the  lever  against  the  chamber.  The  other  end  of  the  lever  l£fts  up 
and  the  exhaust  valve  opens.  The  control  pressure  begins  running  out  of  the  .control 
pressure  chamber  to  the  atmosphere.  The  operator  stem  will  move  back  ami  the  lesser 

spring  tension  will  cancel  the  smaller  pilot  pressure  and  once  again  the  relay  will  be 
in  balance. 

The  balancing  and  unbalancing  of  the  pilot  pressure  against  the  spring  tension 
governs  the  operation  of  the  pilot  positioner.  ;. 

Various  conditions  can  cause  inaccurate  positioning  of  the  valve.   When  these  con- 
ditions exist,  the  controller  cannot,  move  the  valve  to  the  right  position.  The  controller 
sends  the  correct  amount  of  pressure,  but  the  resistance  to  move  hie  r>t  keeps  the  valve 
from  moving  to  the  tight  positidn.   The  valve  positioner  (see  figure  18)  will  make  the 
pneumatic  valve  go  the  proper  position. 

The  pneumatic  damper  can  also  have  corrosion  on  damper  linkages  and  opposition 
to  movement  due  to  airflow  through  the  dampers  which  hamper  the  correct  positioning 
of  the  damper.   The  damper  positioner  (see  figure  19)  insures  that  the  damper  moves 
to  the  position  called  for  by  the  controller. 

Valve  and  Damper  Positioners 

The  pilot  positioner  is  applicable  on  a  pneumatic  valve  or  a  pneumatic  damper. 
These  two  applications  are  shown  in  figures  18  and  19. 


CONTROL*  PRESSURE 


Figure  18,    Pilot  Positioner  on  a  Pneumatic  Valve 
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Figure  19.    Pilot  Positioner  on  a  Pneumatic  Damper 

The  adjustment  of  a  pilot  positioner  is  an  important  part  of  your  job.  Precise 
positioning  of  the  final  control  device  is  impossible  if  the  positioner  is  not  properly 
adjusted*    The  method  of  adjustment  is  as  follows. 

Operating  Range 

The  operating  range  is  determined  by  the  span  and  starting  point  adjustments  of  the 
pilot  positioner.   The  lower  value  of  the  range  is  the  pilot  pressure  at  which  the  oper- 
ator begins  its  stroke.    The  upper  value  is  the  pilot  pressure  at  which  the  operator 
reaches  its  maximum  stroke.   The  difference  between  the^  upper  value  and  lower  value 
is  the  operating  span. 

Operating  Span 

The  operating  spa^  is  adjustable  from  4  to  13  psi.   It  is  estaokshed  bv  placing  one 
end  of  the  pilot  spring  into  the  hole  in  She  lever  arm  which  corresponds  to  the  desired 
span.     When  attached  to  the  inner  end  of  the  arm  the  spring  allows  a  span  of  4  psi. 
At  the  other  end  of  the  lever  arm  the  span  is  13  psi. 

Starting  Point 

The  starting  point,  which  is  adjustable  frdjm  1  to  12  psi,  is  the  point  at  which  the 
operator  begins  its  stroke.   It  is  established  by  adjusting  the  screw  located  under  the 
cover.  Turning  the  screw  Clockwise  decreases  the  starting  point  and  Counterclockwise 
increases  the  starting  point. 

On  all  of  the  piston  operators,  the  distance  between  the  pilot  spring  clips,  on  the 
operator  stem,  and  the  pilot  spring  lever,  on  the  positioner,  is  adjustable  by  turning 
the  connection  head  on  the  operator  stem.   This  distance  stfould  be  such  that  the  pilot 
spring  is  just  at  its  free  length.   The  nominal  values  of  these  dimensions  are  shown 
in  figure  20. 
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SIZE  Of 

DIMENSION 
A 

3"  Li  a 

4  3/4 

4  Q»A 

,4  7/8 

6  £l* 

1  5-7/8 

Fiuui 


20.    Pilot.  Spring  Data  for  Pilot  PoSui 
On  Damper  Operators 
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OOivI  THERMOSTATS 


A  room  thermostat  is  a  device  that  measures  the  temperature  of  an  individual 
room.   The  thermostat  converts  the  temperature  changes  into  an  air  pressure  (control 
pressure)  that  is  sent  to  a  controlled  devifce  (valve  or  damper).   The  controlled  device 
reflates  the  flow  of  the  control  agent  (chilled  water,  hot  water,  steam,  etc)  which 
will  control  the  temperature. 

The  room  thermostat  can  be  used  to  automatically  control  the  temperature  for 
heating  or  cooling  but  only  one  at  a  time.    An  application  for  cooling  is  shown  in 
figure  21.    The  room  thermostat  is  installed  on  a  wall  #here  it  will  sense  the  tem- 
perature of  the  room.    The  room  thermostat  modulates  the  chilled  water  valve  to 
contmi  the  temperature  of  the  supplv  air.    The  room  thermostat  can  be  applied  for 
heat i ilk!  as  well  as'  cooling. 

The  operation  «;f  the  room  thermostat  is  very  similar  to  the  operation  of  the  basic 
pneumatic  relay.    The  room  thermostat  has  some  type  oi  sensing  element.    The  one 
you  will  adjust  has  a  bimetallic  element.    When  the  room  temperature  increases,  one 
side  of  the  bimetal  expands  faster  than  the  other,  so  that  the  element  bends.  When 
(ho  temperature  increases  on  a  direct -acting  thermostat,  the  bimetal  element  bends 
down.     When  the  temperature  on  a  direct -acting  thermostat  decreases,  the  bimetal 
element  l  nds  up. 

-1       The  opening  and  closing  of  the  ieakport  causes  the  pilot  pressure  to  increase  or 
decrease.    If  we  assume  that  the  thermostat  is  reverse  acting,  a  rise  in  temperature 
will  cause  a  decrease  in  pilot  pressure.     The  control  pressure  decreases  proportion- 
ally to  the  rise  in  temperature,  and  the  controlled  device  moves  proportionally.  This 
control  has  a  pneumatic  feedback  which  provides  proportional  control. 
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Figure  21 

The  Johnson  T  4002  room  thermostat,  figure  22,  is  a  single  temperature  instru- 
ment employing  pneumatic  feedback  for  extremeiv  accurate  proportional  control. 


Specifications 

Model 

Action 

Eleme  nt 

Dial  Range 

Dial  Graduations 

Sensitivity 

Maximum  Supply  Pressure 
Relay 

Operation 


T-4002 

Proportional,  Direct  or  Reverse  Acting 
Bimetal  Strip 
550  F  to  85°  F 

One  Degree  Divisions,  Spaced  Equally 
Over  Entire  Range 
Adjustable  1  to  8  psi/Deg  F 
25  psi 

Flapper  Type 


•    DIRECT  ACTING  INSTRUMENT.   On  a  rising  ambient  temperature  the  bimetal 
element  bends  toward  the  control  port.   This  causes  the  relay  pilot  chamber  pressure 
to  increase.   The  increasing  pressure  actuates  the  instrument  relay,  allowing  supply 
air  to  flow  to  the  control  line,  thereby  increasing  the  control  pressure.   Control  pres- 
sure acting  on  the  feedback  diaphragm  causes  the  lever  to  rotate  away  from  the  control 
port,  establishing  an  exact  output  pressure  corresponding  to  the  temperature  meas- 
ured by  the  bimetal  element. 
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On  a  decreasing  ambient  tempera- 
ture the  bimetal  element  bends  awav 
tram  the  control  port,  allowing  the  re- 
lay pilot  chamber  pressure  to  escape 
through  U  to  the  atmosphere.    This  de- 
creasing pilot  pressure  actuates  the  in- 
strument relav.  allowing  the  control  and 
feedback  chamber  pressures  to  simul- 
taneously decrease.   The  decreasing 
pressure  o/i  the  feedbcck  diaphragm 
causes  the  lever  to  rotate  toward  the 
control  port  and  output  pressure  is 
varied  in  proportion  to  the  ambient 
temperature  change  measured  bv  the 
bimetal  element . 


REVERSE  ACTING  INSTRUMENT. 

Figure  22.    Single  Temperature 
The  operation  oi  jl  reverse  acting  .         Room  Thermostat 

instrument  is  similar  to  the  direct 

acting  thermostat  except  that  the  direction  of  chjange  in  control  air  pressure  is  re- 
versed. A  rising  ambient  temperature  causes  a  decrease  in  control  air  pressure  and 
a  decreasing  ambient  temperature  causes  an  increase  in  control  air  pressure. 

The  relav  used  in  this  instrument  is  the  flapper  tvpe,  figure  23. 
Temperature?  Measuring  Elements 


TEMPERATURE,    Temperature- measuring  elements  are  made  in  various  types  to 
fit  the  several  kinds  of  controllers.    Wall-mounted  thermostats  normally  use  bimetal 
or  vapor -filled  bellows  elements.    Remotely  mounted  or  external  elements  have  liquid, 
^as  or  refrigerant  filled  bulbs  and  capillaries.   The  capillarv  or  connecting  section  on 
bulb  tvpes  is  furnished  in  various  lengths  to  allow  the  controller  to  be  mounted  away 
frwm  the  measured  variable. 


Fi^uiv  23.    Single  Temperature  Room  Thermostat 


Himetal  L'ltMnenih.    Are  twu  ttun  strips  of  dissimilar  mefai  fused  together  to'form 
a  (irvin-  winch  rehabiv  chaimes  Us  sha|H?  at  a  constant  rate  as  its  ambient  temperature 
rhange*.  ngu.r  24.    ik'tause  the  (wu  meiafs  bnnded  into  one  piece  expand  and  contract 
ai  vasih  dtilerent  rates,  t hp  "measuring  element  bends  as  the  temperature  varies,  thus 
translating  umiperatur.o  into  motion.     Brass  is  frequently  used  as  the  metal  with  the 
hmlu-r  cueffiruMii  of  expansion,     it  n\av  be  bonded  to  invar  metal  (a  nickel  steel  alloy) 
which  dues  nut  change  dimensions  in  anvAiTrection  to  any  significant  degree  asUts 
temperature  varies.     When  the  ambient  temperature  rises,  the  bimetal  strip  bends 
toward  the  metal  which  makes  littie  or  no  response  to  temperature.  This  unresponsive 
portion  of  the  element  provides  the  stability  factor  which  makes  bimetal  strips  usable 
as  temperature  measuring  elements,  ; 


TYPES  OF 
BIMETAL  ELEMENTS 


Figure  24 

Remote  Bulb  Elements.    Are  used  when  temperatures  are  to  be  measured  in  tanks, 
pipes,  ducts,  or  other  inaccessible  locations.    These  elements  have  three  parts:  the 
bulb,  or  temperature  sensitive  portion;  the  capillary,  which  transmits  the  variable 
lemperature  signal  over  its  length:   and  the  diaphragm  or  operating  head,  which  trans- 
lates the  signal  into  movement,  figure  25. 


CAPILLAR*  TUBE 


BULB         UNION  NUT 


1 


DIAPHRAGM 


SPRING 


TEMPERATURE  CHANGES  CAUSE  LIQUID 
IN  8ULB  TO  EXPAND  AND  CONTRACT 
CAPILLARY  TUBE  TRANSMITS  THESE 
CHANGES  TO  DIAPHRAGM  AND  POST 


—  MOVEMENT 


POST 


Figure  25.    Remote  Bulb-Sensing  Element 
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Rigid  Stem  (Insertion)-   This  type 
element  uses  dissimilar  metais  in  a  rod 
type  form.   The  outer  portion  being 
brass  with  h    zh  coefficient  of  expan- 
sion, and  an  ,  _er  rod  of  invar.  Invar 
is  a  metal  composed  of  36  percent 
nickel  and  steel,  1t  has  a  negligible  co- 
efficient of  expansion.    With  an  increase 
in  temperature  the  brass  extends  mov- 
ing the  invar  rod  away  from  the  teak- 
port  decreasing  control  air)   As  the 
temperature  decreases  the  brass  con- 
tracts moving  the  invar  rod  over  the 
leakport  increasing  control  pressure. 
See  figure  26. 


MASS  TUBE  GETS 
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PCKATUHC  *fS€S. 
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AOJ. 
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ELEMENT 


bj  A— TEMP  AOJ 
£  LEVER  PIVOT 


wmR  ROD* 


CROSS  SECTION  OF  RKUO 
STEM  ELEMENT 

FOR  CONFROLUNC  DUCT  TEMPI RATUUCS  FOR 
CONTROLUNG  LIQUID,  ELEMENT  i$  pflOVfOED 
WITH  PIPE  THREADS 


Figure  26. 


Pressure  Elements.  Pressure 
elements  are  used  to  sense  pressure. 
One  type  is  sho\fcQ»in  figure  27.  As 
pressure  increases  the  diaphragm  ex- 
pands covering  the  leak  port,  increas- 
ing control  pressure.   As  pressure 
decreases  the  diaphragm  contracts 
opening  the  ieakport,  decreasing  con- 
trol pressure. 


DIAPHRAGM 


T  U8l  NG 


PRESSURE 
CONNECTION 


co- 


Figure  27.    Pressure  Element 

Calibration 

SENSITIVITY;    The  sensitivity  should  always  be  as  high  as  possible  without  pro- 
ducing excessive  hunting  or  cycling.     The  thermostat  is  factory  set  for  approximately 
2  1  2  psi  per  degree,  but  the  sensitivity  is  adjustable  between  1  and  8  psi  per  degree. 
To  increase  the  sensitivity,  move  the  slider  toward  the  control  port;  to  decrease  it. 
move  the  slider  away  from  the  control  port.   NOTE:  DO  NOT  turn  the  adjustment 
screw  mpe  sensitivity  slider  because  the  set  point  of  the  instrument  will  shift. 
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DIAL  ADJUSTMENT:  • 

c 

1,  Remove  cap  screw  and  insert  eojjtrol  line  test  gage  into  tfce  opening.  Apply 
15  psi  supply  air.  ; 

2,  Note  ambient  temperatui^  at  the  bimetal  element. 

3,  Set  dial  to  this  temperature.  / 

4,  Turn  the  adjusting  screw  until  the  control  pressure  is  in  the  middle  of  the 
spring  range  of  the  controlled  deyice. 

5,  Turn  dial  to  the  desired^ mperature  set  point,  remove  the  gage,  and  replace 
the  eapscrew*  *  >^ 

Note:    This  instrui^Cpt  has  a  built  -^n  .restrictor  which  produces  a  pilot 
pressure  of  5"  W.CL   No  adjustment  is  necessary. 

It  must  be  remembered  that  yujse  calibration  steps  are  the  basic  procedures  and 
bv  no  means  cover  all  adjustments  necessary.   However,  these  five  basic  steps  will 
always  be  included  in  more  complex  adjustments.    Again,  system  specifications  and 
the  manufacturer's  bulletins  should  be  consulted  on  complex  control  loops. 


ROOM  HUMIDISTAT 

A  room  humidistat  is  a  device  thkt  senses  changes  in  relative  humidity  of  an  in- 
dividual room.   When,  a  change  occurs,  the  humidistat  changes  the, control  air  pres-  * 
sure  to  the  controlled  device.     The  room  humidistat  can  be  used  to  autpmatitraily  con- 
trol the  relative  humidity  for  humid  ification  or  dehumidification,  but  only  one  or  the 
other.   It  is  installed  on  a  wail  where  it  will  sense  the  humidity  of  the  room  and  mod- 
ulates the  chilled  water  valve  to  control  the  relative  humidity  (moisture  content)  of  the 
supply  air.  m  - 


Room  Humidistat,  H -4100  (see  figure  28) 

This  humidistat  is  a  proportional 
action,  direct  or  reverse  acting  instru- 
ment designed  to  control  humidifying 
and  dehumidifying  equipment.    The  i 
instrument  uses  a  biwood  element  and 
is  available  either  for  horizontal  or 
vertical  mounting. 


PLUGGED 
CONTROL  PORT 


SWOOO 
ELEMENT 


JUSTING  SCREW 
SENSITIVITY  SLIDER 
CONTROL  UNE  TEST  GAGE 


SENSITIVITY.    The  change  in  con- 
trol pressure  for  each  unit  change  in 
relative  humidity,  for  this  instrument 
is  adjustable  form  I  to  8  psi  per  1  per- 
cent relative  humidity.    The  instrument 

will  operate  within  a  range  of  10  to  95  percent  RH.  The  dral  is  marked;  WET-MED- 
DRY.  and  has  a  range  of  30  percent.   Design  features  of  this  controller  include: 


Figure  28.    Room  Humidistat, 
H-4100 
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(1)  plug-in  mounting,  which  reduces  installation  time;  (2)  built-in  resistance  to  shock 
and  vibration;  (3)  pneumatic  feedback^  which  provides  extremely  accurate  control 
even  at  iow  sensitivities, 

OPERATION.   Direct  Acting  Instrument  Operation.  On  a  rising  relative  humidity 
the  biwood  element  bends  toward  the  control  port.   This  causes  the*relay  pilot  cham- 
ber pressure  to  increase.    The  increasing  pressure  actuates  the  instrument  relay, 
allowing  supply  air  to  flow  to  the  control  line,  thereby  increasing  the  control  pressure. 
Control  pressure  acting  on  the  feedback  diaphragm  causes  the  lever  to  rotate  awav 
from  the  control  port,  es  lblishing  an  exact  output  pressure  corresponding  to  the  hu- 
midity measured  by  the  biwood  element. 

On  a  decreasing  relative  humidity  the\biwood  element  bends  away  from  the  control 
port,  allowing  the  relay  pilot  chamber  pressure  to  escape  through  it  to  the  atmosphere. 
This  decreasing  pilot  pressure  actuates  the  instrument  relay,  allowing  the  control  and 
feedback  chamber  pressure  to  simultaneously  decrease.  The  decreasing  pressure  on 
the  feedback  diaphragm  causes  the  lever  to  rotate  toward  the,  control  port  and  output 
pressure  is  varied  in  proportion  to  the  relative  humidity  change  measured  by  the  bi- 
wood element. 

Reverse  Acting"!  n§t  rument  Operation:  The  operation  of  a  reverse  acting  instru- 
ment is  similar  to^the  direct  acting  humidistat  except  that  the  direction  that  the  element 
bends  is  reversed.  "  A  rising  relative  humidity  causes  a  decrease  in  control  air  pressure 
and  a  decreasing  relative  humidity  causes  an  increase  in  cbntrol  air  pressure, 

-  The  relay  used  in  this  controller  is  the  flapper  type.     A  putaway  diaphragrn^is 
shown  in  figure  29.  *  o  .* 


PtLOT  ! 
PRESSURE  I 
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Figure  29 
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Humidity  Measurmtf  Flemenis 
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RELATIVE  HUMIDITY.    Elements  for  measuring,  relative  humidity  are  usually 
made  from  hydroscopic  materials,  which  respond  to  humidity  changes  by  changing 
their  size.   Tht?se  measurinu  elements  are  most  commonly  produced  from  organic 
substances  such  as  thin  layers  of  animal  horn,  wood,  membrane,  or  hair.  Animal 
substances  become  longer  with  a  rise  in  relative  humidity  and  shorter  with  a  decrease 
in  humidity,  figure  30.  and  are  mounted  so  that  their  change  in  length  activates  the 
relay. 

Thm  strips  of  two  kinds  of  wood  are  glued  together  to  form  a  biwood  element,  one 
laser  is  made  of  yew  wood,  cut  with  the  grain  running  across  the  width  of  the  strip. 
The  second  layer  is  made  from  cedar,  cut  with  the  gram  running  the  length  of  the  si  rip. 
The  \ew  wo^i  cells  swell  on  a  rise  in  humidity  and  elongate  the  strip.   The  cedar  strip 
is  les^tisceptible  to  moisture  changes.    This  difference  in  response  produces  a  betid- 
uia  action  in  the  biwood  strip,  similar  to  the  movement  of  the  bimetal  temperature 
measuring  element. 
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:  Figure  30 

The  calibration  and  adjustment  of  a  room  humidistat  is  another  important  part  of 
vour  job.    Control  of  humidity  in  a  room  is  impossible  if  the  humidistat  is  not  properly 
adjusted.    The  adjustment  and  calibration  procedures  for  the  humidistat  are  basically 
the  same  as  for  the  room  thermostat. 
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CALIBRATION  PROCEDURES.   The  four  basic  steps  of  calibration  will  again 
apply.   However,  the  method  of  determining  the  ambient  relative  humidity  (Rff)  will 
require  some  special  attentioq^ 

1.  Connect  the  supply  pressure  of  20  psig. 

2.  Determine  the  ambient  relative  hunftdity  (RH)  and  turn  the  set  point  dial  to 
correspond  with  the  determined  RH:  ambient  RH  may  be  obtained  by  using  the  sling 
psychrometer  and  ps\  chrometric  chart  or  a  hygrometer. 

NOTE:  The  humxdistat  has  a  control  range  of  10%  to  95%  RH-   The  dial  range, 
however  is  only  30*  r  RH  (e.  g.  30%  to  60%  or  20%  to  50%  )  of  the  control  range.  The 
dial  can  control  any  30%  between  10%  and  95%  RH.   The  dial  is  marked  Dry  -  Med  - 
Wet  so  some  trial  and  error  adjustments  may  be  necessary. 

,  3,  Adjust  the  calibration  screw  to  bring  the  control  pressure  to  mid  range  pres- 
sure of  the  controlled  device, 

4.  Turn  set  point  dial  to  desired  condition:  the  desired  condition  should  always 
bring  the  set  point  dial  to  "Med"  on  the  dial,  This  gives  control  both  above  and  below 
set  point. 

Relative  humidity  is  the  ratio  of  the  moisture  in  the  air  in  comparison  tp  what  it 
could  hold  at  a  certain  temperature.   The  ratio  is  expressed  as  a  percent  relative 
humidity.    The  humidistat  senses  the  amount  of  moisture  in  the  air  and  will  raise  or 
lower  the  moisture  content  to  control  the  relative  humidity, 

A  sling  psychrometer  is  shown  in 
figure  31.    It  consists  of  a  frame  that 
has  two  thermometers  attached.  One 
of  the  thermometers  has  a  cloth  sock 
on  its  bulb.   The  sock  is  dipped  in 
water,  and  then  the  psychrometer  is 
slung  around  the  air. 


The  dry  bulb  temperature  is  the 
measure  of  the  degree  Fahrenheit  on 

the  thermometer  of  the  sling  psychrom- 
eter.   It  measures  the  intensity  of  heat, 

The  air  moving  past  the  wetted 
thermometer  causes  evaporation, 
which  produces  cooling  of  thfe  ther- 
mometer to  give  a  wet  bulb  reading. 
This  reading  is  lower  than  tht  dry 
bulb  unless  the  relative  humility  is 
100%,  at  which  time  the  wet  and  dry 
bulbs  will  be  the  same  value.  1  If  the 
air  is  very  dry,  there  will  b^W^rapid 
and  great  amount  of  evaporation  and 
a  low  wet  bulb  reading.   A  high  , 
amount  pf  moisture  content  in  the  air 
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Figure  31.    Sling  Psychrometer 
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causes  a  small  amount  oi  evaporation  and  d  greater  wet  buib  reading.  When  the  air  is 
saturated,  there  can  be  no  evaporation  (cooling);  therefore,  the  wet  bulb  and  dry  buib 
will  be  equal. 

For  example,  we  will  assume  a  reading  on  the  sling  psychrorneter  of  ?0°F  dry 
bulb  and  58° F  wt-t  buib  (see  the  handout).    To  find  the  relative  humidity  of  the  air  in 
which  the  reading  was  taken,  a  plot  has  to  be  made  on  the  psychrometric  chart.  The 
psvchrometnc  chart  is  a  graphic  representation  of  one  pound  of  air  and  Us  properties. 
Looking  at  a  chart,  you  will  see  the  70° F  dry  bulb  vertical  line  intersects  the  58°  wet 
bulb  line  at  the  50  •  ■  relative  humidity  line.    This  means  that  tfte  air  is  holding  one-half 
nr  SO',  ol  what  it  could  hold  at  70°F. 

HEATING -COOLING  THERMOSTAT 

riw  heal  um -cooling  thermostat  is  a  controlled  device  which  measures  the  temper- 
ature ui  an  individual  room.     The  heating  -cooling  thermostat  converts  temperature 
changes  into  pressure  changes  in  (he  same  manner  as  the  room  thermostat.    The  heat- 
ing-cooling thermostat  is  a  combination  of  two  room  thermostats  (a  direct  acting  and  a 
reverse  actum)  into  one  thermostat.   In  reality,  it  is  a  room  thermostat  that  uses  direct 
acting  for  control  of  heating  in  the  winter  ane}  reverse  acting  for  control  cf  cooling  in 
the  summer.    Tins  controller  can  also  be  referred  to  as  a  summer-winter  thermostat. 

The  heating  -cooling  thermostat  can  be  used  to  automatically  control  the  tempera- 
ture lor  heating  and  cooling.   The  heating -cooling  thermostat  is  installed  on  a  wail 
where  it  will  sense  the  temperature  of  the  room.   The  controller  modulates  the  con- 
trolled device  to  control  the  flow  of  chilled  water  in  the  summer  and  hot  water  in  the 
winter. 

The  operation  of  the  heating -cooling  thermostat  is  very  similar  to  the  operation  of 
t hf 1  room  thermostat,  difference  being  it  is  applied  for  both  heating  and  cooling*  The 
application  of  the  heating -cooling  thermostat  we  will  discuss  is  used  in  conjunction  with 
a  two  position  controller  sensing  outside  conditions  and  an  air  switching  valve.  Before 
the  operation  >f  the  heating -cooling  thermostat  can  be  appreciated,  an  understanding  of 
the  two  position  controller  and  the  air  switching  valve  must  be  gained.  We  wjll  discuss 
each  one  individualiv  and  a  typical  ope  rat  ion  for  heating  and  cooling  will  be  shown. 

Two -Position  Remote  Bulb  Thermostat 

The  remote  bulb  thermostat  is  for  applications  which  require  the  sensing  element 
to  be  located  where  extreme  conditions  do  not  permit  controller  mounting.     The  re- 
mote buib  controller  is  equipped  with  ball  tvpe  relays  which  provide  more  air  handling 
ability  and  a  wider  range  of  control. 

OPERATION  OF  THE  TWO -POSITION  (POSITIVE)  BALL  TYP£  RELAY,  figures 
32  and  33.   This  relay  is  reverse  acting.    The  main  spring  normally  forces  lower 
diaphragm,  exhaust  valve  seat  and  upper  diaphragm  toward  the  upper  diaphragm  plate. 
The  exhaust  valve  spring  being  stronger  than  the  main  valve  spring  forces  the  exhaust 
valve  bail  against  its  seat.    The  main  valve  spring  holds  the  main  valve  ball  away  from 
its  seat.    Supply  pressure  is  transmitted  to  supply  air  chamber  from  whence  it  passes 
through  the  main  valve  to  the  control  air  chamber,  and  then  to  the  final  control  device. 
Thus,  in  its  normal  position,  the  two -position  relay  has  full  pressure  in  its  control  line, 
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Figure  32.    2 -Position  Relay  Pressurized 


Figure  33     2 -Position  Relay  De^ressurized 

Supply  air  also  passes^  through  the  pin  valve  to' the  pilot  air  chamber  and  escapes  to 
the  atmosphere  through  the  leakporL   The  pin  vairte  is  so  adjusted  that,  with  the  leak- 
port  wide  open,  the  pressure  back  of  the  leak  port  is  approximately  5  inches  water  gage. 
The  opening  of  the  leak  port  may  be  varied  by  movement  of  tfce  lid  assembly*  As  the  lid 
assembly  moves  closer  to  the  ieakport,  less  air  escapes  to  the  atmosphere,  and  the 
pressure  builds  up  in  the  pUck  chamber.   When  the  force  of  this  pilot  pressure  acting 
on  the  upper  diaphragm  becomes  greater  than  the  force  of  the  main  spring  plus  the 
force  of  the  full  control  pressure  acting  on  the  lower  diaphragm,  both  diaphragms  and 
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exhaust  valve  seat  move  in  a  direction  away  from  the  diaphragm  plate.  This  movement 
is  transmitted  to  the  main  valve  bail  by  the  loose  pin  and  the  main  valve  ball  is  seated. 
When  the  main  valve  ball  is  sealed,  no  further  movement  of  this  ball  takes  place,  but 
continued  movement  of  the  exhaust' valve  seat  forces  the  exhaust  valve  ball  off  its  seat. 
Air  from  the  control  air  chamber  and  control  air  line  escapes  to  the  atmosphere 
through  the  exhaust  valve.  The  escape  of  air  from  the  control  air  chamber  reduces 
the  pressure  on  the  lower  diaphragm,  thus  causing  the  exhaust  valve  to  open  further, 
assuring  that  once  the  control  pressure  starts  to  escape,  the  process  wilLxontinue  r 
until  all  of  the  air  in  the  control  line  is  exhausted  to  the  atmosphere. 

To  again  supply  pressure  to  the  control  line,  it  is  necessary  to  reduce  the  pilot 
pressure  by  moving  fee  lid  assembly  away  from  the  laakport.  When  the  force  of  this 
pressure  on  the  upper  diaphragm  becomes  less  than  the  force  of  the  main  spring,  both 
diaphragms  and  the  exhaust  vaive  are  moved  toward  the  upper  diaphragm  plate  by  the 
mam  spring.   The  exhaust  valve  ball  closes,  then  the 'main  vaive  ball  moves  away  / 
from  its  seat.   Supply  pressure  flows  into  the  control  air  chamber  and  the  control  air 
line,  and  acts  against  the  lower  diaphragm  to  further  open  the  main  valve. 

The  above  description  shows  that  once  a  change  in  tha  control  pressure  has  started 
to  take  place,  the  effect  of  this;  change  on  the  lower  diaphragm  is  such  that  the  cycle 
continues  until  it,  is  completed.   Hence,  it  is  impossible  for  the  control  pressure  to 
have  any  value  except  zero  or  maximum. 

Now  that  vou  have  a  knowledge  of  ball  type  relays,  we  will  discuss  a  controller 
using  this  application  and  the  specifications  you  will  need  to  know  for  its  operation 
and  adjustment. 

T-8000  Remote  Bulb  Thermostat  Operation,  Figure  34 


The,  instrument  is  resistant  to  shock 
and  vibration.    The  use  of  flexure  levers 
reduces  friction.    The  thermostat  can  be 
made  to  function  as  a  direct  or  reverse 
acting  instrument  by  changing  the  position 
of  the  sliding  control  port.    Sensitivity  is 
also  established  by  positioning  the  sliding 
control  port.    The  controller  is  manufac- 
tured as  a  direct  acting  instrument,  cali- 
brated to  produce  an  output  pressure  of 
8  psi  at  70° F  with  a  sensitivity  setting  of 
1  psi  per  degree  F.    The  output  pressure 
of  the  thermostat  is  indicated  on  an  integral 
0  to  30  psi  gage  that  is  visible  through  the 
cover.    The  set  point  dial  is  also  vfstble 
through  the  cover.   An  external  dial  adjust- 
ment is  available.    The  set  point  dial  has 
ranges  on  both  sides.    The  range  is  from 
-10  to  124  degrees  Fahrenheit  on  one  side 
and  from  1  JO  to  244  degrees  Fahrenheit  on 
siqe'two.    If  it  is  necessary  to  use  the 
range  on#the  opposite  side,  place  the  non- 
graduated  portion  of  the  dial  in  the  same 
position. 


OUTPUT 
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Figure  34.  Remote  Bulb  Thermostat 
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The  control  can  be  matfe  reverse  a"*ing  by  changing  the  position  of  the  sliding 
> control  port,  which  rides  a  graduated  rail.   The  rail  has  graduations  which  represent 
approximately  I  psi  per  degree  F,  and  is  marked  DA  (direct  acting)  at  the  top  and  RA 
(reverse  acting)  at  the  bottom.   Moving  the  slider  upward  from  the  midpoint  on  the  rail 
increases  the  sensitivity,  for  direct  acting  applications,  from  0. 1  to  5  psi  per  degree. 
Moving  the  slider  downward  from  the  midpoint  on  the  rail  increases  the  sensitivity, 
for  reverse  acting  applications,  from  0,1  to  5  psi  per  degree. 

An  acceptable  reference  point  for  setting  sensitivity  is  1  3  above  or  below  the  mid 
or  pivot  point. 

Air  Switching  V^alve 
*  « 
.The  air  switching  valve,  shown  in  figure  35,  is  designed  to  change  airflow  from 
one  line  to  another.   In  dual  control  systems  the  valve  can  be  used  to  switch  the  supply 
air  from  15  to  19  psi  or  vice  versa.    If  installed  in  a  heating -cooling  application  it  can 
direct  the  control  air  of  a  heating  or  of  a  cooling  thermostat. 


Figure  35.    Air  Switching  Valve  1 

This  two-position  valve  is  equipped  with  a  diaphragny^perator  which  has  sufficient 
force  to  handle  all  seating  pressures.    The  vaive  body  i&  constructed  of  high  grade 
red  brass  and  is  considered  a  three-way  valve.   All  connections  into  the  valve,  in- 
cluding the  operator  are  1,  8"  female  pipe  thread.    Markings  on  the  valve  at  the  serv- 
ice connections  show  "C"  for  common,  "N.O.M  for  normally  open,  and  "N.  C.  ''  .for 
normally  closed     The  ports  are  sealed  from  one  another  by   O  -  ring  seals.  With 
zero  pressure  applied  to  the  operator  the  valve  is  in  the  normal  position. 
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The  Deration  of  the  voive  is  as  follows:  with  zero  pressure  applied  to  the  oper- 
ator; air  flows  through  the  "N.O."  port  and  out  the  -,C"  port  to  the  heating -cooling 
thermostat.   Air  flows  from  a  pressure  regulating  valve  set  at  15  psi.  With  15  psi 
applied  to  the  operator  a;r  Hows  through  the  "N.C. "  port ,abd  out  the  MC  port  to  the 
heating-cooling  thermostat.  Air  flows  from  a  second  pressure  regulating  valve  set 
at  19  psi,  ^  * 

CALIBRATION.    The  air  switching  valve  requires  no  tfaiibration.    Because  of 
the  difficulty  of  simulating  "conditions,  no  calibration  of  the  T-8000  remote  bulb  ther- 
mostat will  be  attempted  in  the  classroom,  a  discussion  of  the  procedures  will  be  out- 
lined in  the  classroom. 

Heating  application  of  the  complete  system  using  the  T-8000  two  -position,  re- 
mote bulb  thermostat,  air  switching  valve,  and  the  T-4752  heating -cooling  thermostat 
is  shown  in  figure  3b.    Looking  at  figure  36  you  see  that  zero  psi  comes  to  the  air  • 
switching  valve  when  the  outdoor  thermostat  senses  a  cool  temperature.  The  "N.O.  '* 
and   C"  ports  of  the  air  switching  valve  are  open  directing  15  psi  to  the  heating- 
cooling  thermostat.   Looking  at  figure  37  you  see  that  the  thermostat  has  two  bi- 
metallic sensing  elements,  the  15  psi  supply  air  goes  through  the  switchover*mechan- 
ism  and  supplies  pressure  to  the  upper  pilot  chamber  and  out  the  corresponding  leak- 
port.    The  lower  sensing  element  being  direct  acting  bends  down  on  a  rise  in  tem- 
perature which  gives  a  rise  in  control  pressure.  The  rise  in  control  air  pressure 
from  the  controller  modulates  the  controlled  device  to  regulate  the  amount  of  hot 
water  iur  heating  the  air. 


Figure  3  6 
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Figure  37 

Cooling>application  of  the  complete  system  Using  the  T-8000  two -position,  re-  - 
mote  bulb  therriostat,  air  switching  valve,  and  the  T-4752  heating -cooling  thermostat 
is  shown  in  figure  3.8.   Looking  at  figure  38  you  see  that  15  psi  comes  to  the  air  switch- 
ing valve  operator  when  the  outdoor  thermostat  senses  a  hot  temperature.  The  "N.  C.  " 
and  "C"  ports  of  the  air  switching  valve  are  open  directing  19  psi  to  the  heating  - 
cooling  thermostat.  Looking  at  figure  39  you  see  that  the  rise  in  supply  pressure 
causes  the  switchover  mechanism  to  send  pilot  pressure  to  the  lower  chamber.  The 
upper  sensing  element  being  reverse  acting  bends  upward  and  lowers  the  pilot  pres- 
sure on  a  rise  in  temperature.  The  decrease  in  pilot  pressure  allows  the  exhaust 
port  to  open  and  exhaust  a  portion  of  the  control  air  from  the  control  line  through  the 
controller.  The  decreased  control  pressure  from  the  controller  modulates  the  con- 
trolled device  to  regulate  the  amount  of  chilled  water  for  cooling  the  air. 
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*  Figure  39 

The  calibration  and  adjustment  of  a  heating -cooling  thermostat  is  another  im- 
portant part  of  your  job.   Control  of  the  temperature  in  a  room  in  summer  and  wmtei 
is  impossible  if  the  thermostat  is  not  properly  adjusted. 

CALIBRATION  PROCEDURES.   In  the  heating  and  cooling  thermostat  it  must  be 
remembered  that  two  (2)  calibrations  are  necessary,  one  for  each  sensing  element. 
Since  the  steps  are  identical,  we  will  list  only  one  procedure.  We  will  assume  that 
both  set  point  temperatures  are  the  same  for  calibrating. 

1.  Adjust  supply  pressure  to  15  psig;  this  is  accomplished  bv  using  the  pressure- 
regulating  valve  (PRV). 

2.  Determine  ambient  temperature  and  turn  set  point  dial  to  this  temperature: 
use  a  thermometer  to  obtain  ambient  temperature. 

3.  Adjust  the  lower  calibration  screw  to  bring  the  control  pressure  to  midspring 
range  of  the  controlled  device. 

4.  Adjustqsupply  pressure  to  19  psig:  again  by  adjusting  the  PRV. 

5.  Repeat  steps  2  and  3  used  with  15  psig  supply  pressure  with  one  exception: 
use  the  upper  calibration  screw  to  adjust  control  pressure. 
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RP908A  CONTROLLER  WITH  LP914A  ^ENSOR 


LP914A  Sensor  iFiuure  40) 

There j are  four  types  oi  sensor sj  temperature,  humidity,  pressure*  and  dewpoint. 
Each  can  bie  ijsed  with  the  RP9G8A  ndnbieed  controller.  The  temperature  sensor, 
which  we  villi  work  with,  has  an  invar  rod.  brass  rod,  and  a  stainless  steel  lid.4* 

The  sensor  can  be  inserted  int^  a  duct  or  large  water  pipe  in  a  remote  area.   It  is 

connected  to  the  controller'bv  tubing. 

OPERATION.  On  an  increase  in  temperature  the  brass  rod  expands,  moving  the 
invar  rod  away  irom  the  lid.  With  the  lid  closed,  the  pressure  will  back  up  to  the  in- 
put chamber  of  the  controller. 

On  a  decrease  in  temperature  the  brass  rod  will  contract,  causing  the  invar  rod  to 
:vve  r he  lid  awav  from  the  seat.   The  movement  of  the  lid  is  less  than  one  ten- 
ihousandths  (.0001)  oi  an  inch.   This  will  allow  all  pressure  above  3  psi  to  escape  to 

the  atmosphere. 

The  sensor  will  operate  accuratelv  at  a  distance  of  one  mile  ur  less,  and  it  is  nui 
alfected  by  vibration. 

CALIBRATION.    The  sensor  is  factory  calibrated  and  sealed  with  a  plastic  cover. 
If  the  sensor  fails,  the  complete  sensor  should  be  removed  and  replaced.   DO  NOT 
ATTEMPT  TO  CALIBRATE. 


TO  CONTROLLER 


Figure  40.    LP9I4A  Sensor 


RP908A  Controller 

The  controller  can  be  located  in  a  remote  equipment  room  or  on  a  control  panel. 
It  is  connected^  the  sensor  by  tubing  and  takes  a  small  pressure  change  from  the 
sensor  and  amplifies  it  through  the  main  lever,  secondary  lever,  and  the  relav  cham- 
ber to  provide  a  3  to  15  psig  branch  line  pressure. 

The  controller  is  equipped  with  three  swings  (see  figure  41).    The  two  small 
springs  are  connected  to  the  secondary  iev^r  if  reverse  action  is  desired  br  c.iscon- 
nected  if  direct  action  is  desired.    The  large  spring  is  used  onlv  when  the  proportional 
band  adjustment  is  set  at  15    or  above. 


41 


EXHAUST 


PROPOB* 
TKJNAL 
BANC 
SPRINC- 


RELAY  , 

chamber — J^jhrmJ 


LEVER 
ASSfCltY- 


DA  PIVOT- 

SECONOARY 

LEVER- 


MAIN 

LEVER- 


SCALE 
PLATE 


-SET  POINT 
ADJUSTMENT 


■PROPORTIONAL  UNO 
ADJUSTMENT  KNOf 


'  Figure  41.  RP908A  Controller 
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OPERATION.  The  main  air  enters  the  controller  where  it  passes  through  a  small 
restrictor  (.005),  to  port  #1  (which  is  connected  to  the  sensor)  and  the  input  chamber. 
On  a  rise  in  temperature  the  pressure  will  increase  in  the  input  chamber  moving  the 
main  lever  against  the  set  point  adjustment  spring.  This  movement  causes  the  main 
lever  to  push  up  on  the  secondary  lever,  which  will  pivot  the  secondary  lever  upwards. 
This  causes  the  lever  assembly  to  pivot  on  the  exhaust  port,-  which  causes  the  main  air 
port  to'  open  allowing  air  pressure  to  enter  the  relay  chamber,  thus  supplying  air  to  the 
branch  line  and  operating  the  controlled  device. 

On  a  decrease  in  temperature  the  sensor  will  bleed  the  pressure  from  the  input 
'chamber,  causing  all  the  levers  to  move  in  the  opposite  direction,  and  the  lever  as- 
sembly will  pivot  on  the  main  air  port  to  allow  the  branch  line  pressure  to  bleed  out 
the  exhaust  port. 
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SUMMARY 


Air-conditioning  systems  are  fast  becoming  an  automatic  factory  in  which  the 
product  is  the  production  of  conditioned  air.  Controls  dominate  the  process;  there 
tore  it  is  necessary  that  you  understand  the  theory  of  controls,  bleed,  two-position, 
and  proportional.  A  knowledge  of  the  terms  applied  to  controls  and  the  Applications 
are  essential,  so  these  controls  operate  at  peak  efficiency. 

A  pneumatic  vaiye  controls  the  flow  of  water  and  steam,  a  pneumatic  damper  op- 
erator controls  various  arrangements  of  dampers  to  control  airflow. 


 i 


The  pilot  positioner  is  used  on  valves  and  damper  operators  to  make  them  more 
positive  and  sensitive  to  small  changes  in  control  pressure. 

i  ; 
A  room  thermostat  is  a  device  that  measures  the  temperature  of  an  individual 
room.   The-thermdstat  converts  the  temperature  changes  into  an  air  pressure  (cohtrol 
pressure)  that  is  sent  to  a  controlled  device  (valve  or  damper).    'The  controlled  de- 
vice regulates  the  flow  of  the  control  agent  (chilled  water,  hot  wat|r^  steam,  etc) 
which  will  control  the  temperature. 

A  room  humidistat  is  a  device  that  senses  changes  in  relative  humidity  of  an  indi- 
vidual room.  When  a  change  occurs,  the  humidistat  changes  the  coniroi  air  pressure 
to  the  controlled  device. 

The  heating -cooling  thermostat  is  equipped  with  two  bimetallic  elements.  The 
standard  model  operates  as  a  direct  acting  thermostat  for  heating  and  asva  reverse 
acting  thermostat  for  cooling.  The  changeover  from  heating  to  cooling  isXaccomplished 
by  changing  the  supply  pressure.  The  change  in  supply  air  pressure  actuates  an  index- 
ing bellows  which  positions  a  set  of  cams,  making  one  strip  inoperative  whijfi  the  other 
is  free  to  operate.   Each  of  the  two  bimetal  thermostatic  elements  has  its  own  cali- 
brating mechanism  and  can  be  adjusted  to  meet  the  condition  of  the  installation. 

The  temperature  sensor  is  connected  by  tubing  to  the  controller.  The  action  of 
the  controller  can  be  changed  by  moving  the  pivot  point  and  connecting  the  reverse, 
action  springs.   A  larger  spring  is  connected  to  the  main  lever  when  the  proportional 
band  setting  is  above  \ 


\ 
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QUESTIONS  "  ' 

•  * 

1,    What  are  three  applications  of  pneumatic  controllers1' 


2.    What  determines  the  pressure  in  the  air  supply  tank 


3.    What  determines  the. pressure  *.i  the  supply  line? 


4.    What  determines  the  pressure  of  the  control  air  ? 


5.    What  are  \he  parts  of  the  control  loop? 


\ 


6.    Where  does  the  air  first  enter  the  system? 


7.    Which  side  of  the  controller  does  the  air  enter? 


\ 


8.    What  is  the  usual  pressure  of  supptl 


y  air  ? 


\ 
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What  is  the  range  of  controjl  air  for  proportional  controllers  ? 

  A.  ! 


1 

- —           ■  ■  ■  h  ■ —  i  

* 

I 

What  are  three  control  agents? 

What  is  a  characteristic  f>i  a  two-position  control  loop: 

—  ^  


What  is  the  purpose  of  any  sensinirelement?  ^ 


What  is  desired  temperature  referred  to  as? 


What  is  i he  difference  between  set  point  and  control  point? 


r 


What  is  throtthnu  range? 


What  is  the  designation  of  a  controller  that  decreases  control  pressure  on  a  drop 
in  measurable  variable? 
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17.    What  is  the  designation  of  a  controller  that  decreases  control  pressure  on  a  rise 
in  measurable  variable  ?  • . 


4- 


18.    What  is  sensitivity 


19.     In  operation,  what  are  two  types  of  pneumatic  valve  ? 


20.    What  is  required. to  actuate  a  normally  open  pneumatic  valve? 


21.    How  can  the  actual  spring  range  of  a  pneumatic  valve  be  determined? 


22.    What  is  the  midrange  pressure  for  a  pneumatic  valve  that  begins  opening  at  5  psi 
and  is  fully  opened  at  12  psi? 


23.    Can  the  pneumatic  valve  be  used  to  control  the  flow  of  air 


24.    What  is  a  mixing  or  bypass  valve  ? 
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25.    If  a  damper  operator  has  a  range  of  2-14  psi:  What  would  you  regulate  pressure  to? 

-  _  

26     What  limits  the  travel  of  the  damper  operator?   


27.    Where  should  the  stops  on  the  damper  operator  be  adjusted  to? 


28,    What  are  two  adjustments  on  the  damper  operator? 


29.    What  is  the  source  of  air  to  the  pilot  chamber? 


30     What  is  the  name  of  the  four  chambers  of  the  pilot  positioner? 


31.     How  is  the  operating  range  changed  on  the  pilot  positioner  ? 


32.     What  can  you  add  to  a  pneumatic  actuator  to  make  it  more  positive  and  more 
sensitive  to  small  changes  in  control  pressure? 
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*  % 
What  are  two  adjustments  that  can  be  made  on  the  pilot  positioner  ? 


34. 


What  are  the  names  ef  the  five  air  chambers  in  the  relay  used  with  the  T-4002  and 
H-4100? 


 :  .  

35.    What  would  occur  if  you  lost  control  air  from  a  controller  ? 


36.    What  is  the  purpose  of  the  pneumatic  relay  in  a  pilot-bleed  type  controller  '.1 


37.     On  bleed- type  instruments:  What  opens  or  closes  the  Ieakport  to  allow  sujgjly  air 
to  enter  the  control  chamber  ? 


 '   ; 

.   38.     When  is  a  proportional  controller  in  a  .balanced  position  ? 


 >  i  '  

39.     What  is  pneumatic  feedback? 


40.    What  type  sensing  element  is  found  on  the  T-4002?  

*  * 
 .  :   ^ 

     L 
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A\.    What  part  of  a>neumatit«  controller  do  you  adjust  to  regulate  the  control  pressure? 


r 

42.    What  type  «»f  sensing  element  is  found  on  the  H-4100  humidistat 


43.    When  calibrating  a  humidistat:  Where  is  the  indicator  dial  set? 


44.     What  is  the  dial  range  of  must  humidistats  ? 


45.   -  vVhv  calibrate  the  controller  to  midrange  of  the  controlled  device? 


If  v.iuf  have  an  RA  humidistat  on  an  NC  steam  valve:  What  will  the  valve  do  on  an 

1ncr7a.se  m  relative  humiditv? 


4".     What  is  the  sensitivity  of  a  humidistat  defined  as 


48.     What  action  is  used  in  the  summer-winter  thermostat? 


A, 
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49.    la  order  to  calibrate  a  summer-winter  thermostat  correctly:  Where  do  you  position 
the  dial  ? 


50.    Does  the  heating-cooling  thermostat  automatically  maintain  a  constant  temperature 
during  summer  and  winter  ? 


51.    What  air  pressure  is  supplied  to  the  system  when  the  air  switching  valve  is  in  the 
normal  position? 


52.    In  a  pneumatic  control  system  designed  for  heating  and  cooling:  How  is  the  supply 
air  to  the  heating-cooling  thermostat  increased  and  decreased?  j 


53.    What  is  the  dial  range  of  the  T-800O  remote  bulb  thermostat  ? 


54.  What  is  the  range  of  the  sensitivity  of  the  remote  bulb  thermostat? 

 «  1  -  :  

55.  How  can  the  action  of  the  RP- 908 A  controller  be  changed  from  RA  to  DA? 


56.    What  is  the  definition  for  Proportional  Band?  ' 
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7      When  does  the  controller  use  main  air? 


53    •  What  is  the  temperature  range  of  the  LP914A  sensor  ? 


59.     With  a  scale  piate  of  50°F  to  15Q°F.  what  would  the  scale  range  be? 


60,     What  are  the  different  types  of  sensors  that  can  be  used  with  the  RP908A  controller  ? 


61      What  are  the  ad%antages  of  the  RP908A  controller  ? 


62.     When  must  the  proportional  band  spring  be  connected 


REFERENCES 

1.  Johnson  Service  Company  Apparatus  and  Serv.ce  Bulletins 

2.  Minneapolis- Honeywell  Company  Service  Bulletins 

3.  Instruments  and  Process  Control,  New  York  Vocational  and  Practical  Arts 
Publication 

« 
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IDENTIFYING  COMPONENTS  OF  AN  AIR  COMPRESSOR  SYSTEM 

OBJECTIVE 

To  be  abie  to  locate  and  identify  the  major  components  of  an  air  compressing  system. 


<Er~ 


Figure  1.     Air  Compressing  System 

1 
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I.  Identify  each  of  the  lettered  items  on  figure  1  by  placing  their  name  and  purpose 
in  the  following  form  beside  the  item  letter. 


ITEM 

NAME 

PtlRPO^F 

A 

\ 

R 

c 

n 

F 

-F 

G 

H 

I 

J 

K 

L 

M 

N 

t 
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OPERATOR  MAINTENANCE  OF  AN  AIR  COMPRESSOR  SYSTEM 

OBJECTIVE 

To  be  able  to  service  and  perform  maintenance  on  an  air  compressor  system. 

NOTE:  This  performance  will  be  accomplished  on  a  system 
designated  by  the  instructor. 

1.  Turn  all  electrical  switches  to  the  OFF  position. 

2.  Visibly  check  condition  of  electrical  wires. 

3.  Are  the  wires  in  good  condition?   

If  "NO,  '  inform  the  instructor. 

4-     Check  oil. 

\.     Is  the  oil  level  correct? 


b.     What  is  the  condition  of  the  oil? 


5.    Check  the  air  intake  filter:  Is  it  clean  enough  for  propq£  operation? 


6.     Check  (he  compressor  belts:  a 

•  \ 

a.      What  \a  the  actual  belt  depression?  • 


b.     Correct  tension  allows  approximately  incjh  of  belt  dej^ession 

7.     Drain  all  water  from  tank  by  opening  the  hand  drain  valve. 
3.     Turn  compressor  line  starter  ON. 


3  >'V> 


i 


After  compressor  cycles  OFF: 

a-     What  is  the  high  pressure  supply?  psig 

b.    Check  the  pressure  reducing  valve  (PRV)  setting. 

What  is  the  supply  pressure?   psig. 

Checked  by   

Ins  true  tor 


\ 
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IDE NTIFIC ATION  AND  DEFINITION  OF  CONTROL  COMPONENTS  AND  TERMS 

OF  A  PNEUMATIC  CONTROL  SYSTEM 

OBJECTIVE  I 
To  locate  and  define  pneumatic  control  system  components  and  terms.  ; 

t 

LOCATING  AND  DEFINING  CONTROL  TERMS  j 

. 

1 

1.  Study  the  control  loop  shown  in  figure  2,  j 

2.  From  this  loop  list  the  number  that  corresponds  to  the  control  term  hsted  and  then 


give  its  definition. 
\.     Set  Point.  No. 


Definition 


b.     Desired   Value,  1  No. 


Definition 


c-     Control  Point,  No. 


Definition 


T  "i" 


d.     Direct  Actin?  Controller,  No. 


Definition 


Normally  Closed  Valve,  No. 


Definition 


f.     Control  Agent,  No. 


Definition 


g.     Control  Line.  No. 


Definition 


h.     Supply  Line.  No. 


Definition 


2  p., 
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DETERMINING  THE  MID  SPRING  RANGE 
OF  A  PNEUMATIC  VALVE 


OBJECTIVE 

To  determine  the  raidspring  range  of  a  pneumatic  valve. 

1.  Locate  trainer  assigned  by  instructor.  * 

2.  Preoperational  checks. 

a.  Close  all  air  line  valves 

b.  Check  Master  Switch  for  ON  positiort 

c     Check  air  compressor  switch  for  ON  position. 

3.  Connect  the  valve  to  the  variable  supply  pressure.    See  figure  3. 

4.  Operational  safety  checks, 
a.     Check  for  air  leaks. 

x  b.    At  no  time  during  operation  should  the  controlled  devices  be  handled. 

5.  Increase  the  pressure  until  valve  moves. 

At  what  pressure  did  it  move?         .   psig 

6.  Raise  the  pressure  until  the  valve  stops  moving. 

At  what  pressure  did  it  stop?   Psi8 

7.  Figure  the  difference  of  the  two  pressures* 

a.  Start    psig. 

b.  Stop  Psig- 

c.  Midrange   psig,  / 


fry 


J 


INPUT  REG 


/Ml 


M  C  f  A/C  '  1  Z 
fit      §      *  t 


1 

HIGH  PRESS 


THERMOMETER 


GRADUAL  SWITCH 


20  PSI  A  fR  SUPPLY 

S     I     I     I  I 


HOT  AlR 


VARIABLE 
AIR 


SL 


"T" 

COLD  AIR 


VALVE 


O 

XXI 


DAMPER  OPERATOR 


8. 

9, 


10. 


Figure  3. 

/ 

Have  the  instructor  check  your  work.  s 
Shutdown  procedures, 

a.  Close  air  line  valves. 

b.  Disa.-semble  hoses  from  regulators  and  valve. 

c.  Check  ail  switches  for  OFF  position. 
Have  instructor  check  your  work,  1 


Cackad  by 


f  -  ■■■> 


Instructor 


\ 

iERLC  \ 


i 
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'  ADJUSTMENTS  OF  A  PNEUMATIC  DAMPER  OPERATOR 

OBJECTIVE 

To  adjust  a  pneumatic  damper  operator. 
PROCEDURES 


1 


Accomplish  all  preoperational  checks  listed  below  prior  to  operation  of  the  trainer 
and  observe  the  listed  procedures  closely  during  all  operations. 

PREOPERATIONAL  CHECKS  AND  ADJUSTMENTS  \ 

1.  Locate  trainer  assigned  by  instructor. 

2.  Preoperational  checks. 

a.  Close  ail  air  line  valves. 

b.  Check  Master  Switch  for  ON  position, 

/ 

c.  Check  Air  Compressor  Switch  for  ON  position. 

3.  Connect  dajnper  operator  as  shown  in  figure  4. 

4.  Increase  the  pressure  from  the  gradual  switch  until  the  operator  stem  just  begins 

to  move.   At  what  pressure  did  this  occur  ?   :   psi 

5.  Increase  th^  pressure  from  the  gradual  switch  until  tlfe  stem  fully  extends. 
At  what  pressure  did  this  occur?  .  psi. 

6.  What  is  the  midrange  of  this  operator?   psi. 

7.  What  is  the  desired  stroke  of  the  operator?   inches. 

What  is  the  actual  (stroke  of  the  operator?  j  inches. 

Reduce  pressure  to  zero, 
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Figure  4. 

The  normal  position  of  a  damper  assembly  is  determined  by 


ADJUSTING  OPERATOR  STOPS 
Check  the  retracted  stroke  by  completing  the  following  st£ps: 
a.    Apply  air  pressure  to  move  operator  stem  slightly, 
b*    Loosen  locknut  and  back  off  completely.  \ 

c.  Release  air  pressure.  )■ 

d.  Tighten  stop  nut  against  housing. 

e.  Add  air  presstire  enough  to  move  the  stem  approximately  1/  8  inch;  -then  tighten 
stop  nut  against  housing  again.   (This  step  allows  clearance  between  diaphragm 
and  cylinder  head  to  keep  from  hammering  the  diaphragm  between  head  and 
piston. } 

i 

f .  Tighten  locknut  against  stop  nut. 

*  /        io  '  2S  ■ 


Check  extended  stroke  by  completing  th*  following  steps: 

a.  Apply  pressure  which  is  equal  to  the  top  of  the  spring  range  of  the  operator. . 

b.  Loosen  lockouts  on  the  two  stop  screws  at  front  of  operator. 

c.  Adjust  stop  screws  evenly  until  they  contact  the  piston. 

d.  Tighten  locknuts. 

Have  instructor  check  your  work. 
Shutdown  procedures. 

a.  Close  all  line  valves.         1  1 

b.  Disassemble  hoses  from  regulators  and  damper  operator.  1 

c.  Check  all  switches  for  OFF  position. 
Have  instructor  check  your  work. 

Checked  by   

Instructor. 


11 
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OPERATION  AND  ADJUSTMENT  OF  PILOT  POSITIONER 


.  V 


OBJECTIVE 

To  adjust  a  pilot  positioner. 
PROCEDURES 

Accomplish  all  preoperational  checks  listed  below  prior  to  operation  of  £he  tiaine 
and  observe  the  listed  procedures  closely  during  all  operations.  * 

ADJUSTMENT  OF  PILOT  POSITIONER  ON  DAMPER  ITERATOR 

1.  Locate  trainer  assigned  by  instructor. 

2.  Perform  preoperational:  checks  a z  follows: 

a.  Close  all, air  line  valves.    \  •  * 

b.  Check  faster  Switch  for  ON  position 

c.  Check  Air  Compressor  Switch  foxgON  position. 


er 


3.  -  Connect  the  positioner  as  shown  in  figure  5. 
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"NOTE:  Make  sure  pilot&pring  is  connected  to  pilot  positioner  lever  arm. 
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Figure  5. 

122S9 
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d2 


4.  Apply  supply  pressure  (20  psi)  to  the  pUot  positiontr. 

5.  Increase  the  pressure  (pilot)  from  the  gradual  switch  until  operator  begins  to  move. 

a.  '   At  what  pilot  pressure  didfhe  stem  begin  to  move  ?   P«* 

b.  Can  this  starting  pressure  be  changed?  ;  ,  _  - 

6.  Increase  the  pilot  pressure  until  piston  touches  the  stops.  At  what  pressure  did 

the  operator  stop  ?   Psi- 

7.  What  operating  range  did  the  pilot  positioner  produce?  _^  

•ADJUSTMENT 


Operating  range  is  determined  by  the  and 

...  t 


^adjustments  of  the  pilot  positioner. 


2.  Operating  span  is  adjustable  from  psi  to  Psi- 

3.  Starting  npint  is: 

a.  Adjustable  from  ,  Psi  to  psL 

b.  Established  by  adjusting  the  screw  located  under  the  cover.   Turning  screw 

counterclockwise  !  starting  point.  Turning 

the  screw  clockwise   starting  point 

4     Adjustment.   The  operator  installed  on  the  trainer  has  a  spring  range  of  8  to  IS  psi 
(5  psi  span)  and  it  is  desired  to  use  the  pilot  positioner  to  obtain  an  operating  range 

*  of  8  "to  13  psi   The  starting  point  will  be  8  psi,  and  a  span  of  5  psi. 

.-■  t 

a.     Place  one  end  of  the  pilot  spring  in  the  hole  of  the  lever  arm  that  wjll  give  a 
5  psi  span. 

V*b.    Increase  pressure  from  the  gradual  switch  to  8  psi. 

c.  Turn  adjusting  screw  until  the,  operator  just  begins  to  move. 

d.  The  pilot  positioner  will  now  position  the  piston  damper  operator  over  a  range 
of  8  to  13  psi.  *  - 

e.  Vary  pilot  pressure  from  gradual  switch  to  check  for  proper  starting  and  span. 


13 
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Save  instructor  check  your  work. 
Shutdown  procedures.  » 

a.  Close  ail  line  valves. 

b.  Disassemble  hoses  from  regulators  and  contro^sT 


c.  Check  all  switches  for  OFF  position. 
Have  instructor  check  your  work. 


\ 


1  { 


\ 


Checked  by 


>  u  -  . 


2Q? 


Instructor 


/ 


J 


\ 
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CALIBRATING  A  PNEUMATIC  ROOM  THERMOSTAT 

St  ■  * 


OBJECTIVE^ 

Tb  calibrate  a  room  thermostat. 


\ 


PROCEDURE      *     '  .r"  ,      -  '  * 

Accomplish  all  preoperational  checks,  listed  below  prior  to  operation  of  the  trainer 
and  observe  the  iisteOTrocedures  closely  during  all  operations. 

PREOPERATIONAL  CHECKS  AND  ADJUSTMENTS  v 

1.  Locate  trainer  assigned  by  instructor.       *  *  / 

.  '  •  *  .  .  >. 

2.  Preoperational  "checks  and  control  settings.  * 

\  (  . 

a.    Close  all  air  line  valves.  *,  , 

f.  b'.>    Check  Master  Switch  for  ON  position.  *W 
c.^Check  Air  Compresspr  Switch  for  ON  position. 

3.  Using  a  T-4QG2  Room -type  thermostat  and  damper^operator  cqnnecW  temperature  * 
'.  control  loop  as  shown  in  figure  6.  ^  •  . 

4.  Apply  20  psi  to  thermostat. 

•  j  •    .         '  „  "*  '• 

5.  Js4he  thermostat  direct  or  reverse  acting?    ■  - 


6.    Cheek  the4  sensitivity  setting  of  the  instrument   The  sensitivity  adjustment  should 
always  be  as  high  as  possible  without  producing  excessive  hunting  or  cycling.  To 
increase  the  sensitivity,  move  slider  toward  control  port.  To  decrease  the  sensi- 
tivity, move  4h£  slider  away  from  the  control  port   Make  necessary  slider 
adjustment.  *  , 


%  - 


7.    Adjust  slider.  . 

a.  Turn  set-point  dial  to  produce  an  intermediate  pressure  on  the  control  air 
pressure  gage  (say  10  psi).  %    ¥  « 

b.  Move  slider  to  desired  sensitivity  setting. 

c.  Turn  adjusting  screw  in  thesensitivity  slider  until  the  pressure  on  the  control' 
T4        press\u:e  gage  .returns  to  the  same  pressure  as  indicated  in  step  7a. 


>  ^\  ■ 


< 
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Figure  6.  Single  Temperature  Thermostat  Application 

'  .  v 

DIAL  ADJUSTMENT  >v  K\ 

1.  Note  ambient  temperature  at  the  bimetal  element  with  fan,  heaters,  and  air 
conditioner  off.  i 

2.  Set  dial  to  correspond,  to  temperature  prevailing  at  the  bimetal  element 

3.  Turn  adjusting  screw,  above  set  point  dial,  until  control  air  pressure  reading 
on  the)  gage  is  at  midrange. 

4.  Turn-dial  to  desired,  temperature  set  point  (75°?), 

5.  Turn  os/ian,  heaters  and  air  conditioner.   Observe  response  of  controller. 
8.    Shutdown  procedures. 

♦ 

a.  Close  air  line  valves 

b.  Disassemble  hoses  from  regulators  and  controls 


c.    Cheese  all  switches  for  OFF  position 

;  *  . :  18 
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Checked  by  -   

Instructor 
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CALIBRATING  A  PNEUMATIC  HEATING-COOLING  THERMOSTAT* 

♦ 

OBJECTIVE 

To  calibrate  a  Jieating-cooling  thermostat.  - 

#  . 
PROCEDlikES  '  •  . 

Accomplish  all  preoperational  checks  listed  below  prior  to  operation  of  the  trainer 
and  observe  the  listed  procedures  closely  during  all  operations. 


PREOPERATIONAL  CHECKS  ANJP  ADJUSTMENTS 
1.   "Locate  trainer  assigned  by  instructor  .- 


2.    Preoperational  checks. 

a.  Close  all  saline  valve  n 

b.  Check  Master  Switch  for  ON  position. 

e.    Check  Air  C^npress^r  *  Switch  for  ON  positiph 
3*    Connect  the  ^ting-cooling  thermostat  as  shown, in  figure  7/ 


INPJJT        REG  * 


THERMOMETER 


SWITCHES 

m  c  r  A/C  t  2 

t    I     1*1     •  t 


GRADUAL  SWITCH 


20  PSI  AIR  SUPPLY  0 

I    1    I    f  I 

HOT  AIR 


VALVE 


4 

4 

.      )  . 

T  4732 

) 

MIXED  AIR 


COLD  AIR 


1 

HIGH  PRESS 
AIR 


DAMPER  OPERATOR 


Figure  7. 
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4.  Apply  15  p*lg  supply  to  ttm  thtrmostaU . 

5.  Check  sensitivity. 

(- 
t 

6.  Warm  the  lower  sensing  element  by  ex&aiUfe  on  it 

a.    Is  this  part  of  the  controller  direct-acting  or  reverse-acting? 


b.    Would  it*oe  used  fo"r*cdoiing  or  heating?   

Measure  the  ambient  temoerabjyfc:         A  ,  1°F. 

7. .  Adjust  the  set  point  ot  the  measured  temperature. 


0*  • 


-  8.*    Turn  the  heating  calibration  screw  to  midspring  range  of  controlled  device 

.  9.    Increase  the  supply  pressure  to  19  psig  using  the  gradual  switch. 

NOTE:  We  will  assume  4hat  the  heating  and  cooling  est  points  will  be  the  same 

so  the  .controller  can  be  adjusted  more  limply,  tij  you  encounter  a  ^  < 
-         condition  where  they  are" not  the  same,  refer  to  the  service  manual 
,  for  the  method  of  adjustment.  •  . 

,•••'/'  .  •  9 

10.  Turn  the  cooling  calibration  screw  to  obtain  midspring  range  of  cc  jtrolied  device. 

-    '  *  C  ■         v  o„ 

11.  Turn  the  dial  to  the  desired  value  to  be  controlled    ■    *• 

12.  Turn  on  fan,  heaters  and  air  conditioner.  Observe  response  of  controller. 

■  t         '  ' '  ■ 

"12.    Shutdown  procedures.  * 

,       -    '       ■    '<  <  \ 

a.  Close  air  line  valves.  »  j 

b.  Disassemble  hoses  from, regulators  and  controls. 

c.  Check  all  switches  for  OFF  position. 

14.  Replace  cover.  * 

15.  Have  instructor  check1  your  work. 


J* 


Checked  by 


Instructor 


Nw 
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CALIBRATION  OF  A  PNEUMATIC  NON- BLEED  CONTROLLER 
OBJECTIVE 

< 

To  calibrate  and  { adjust  a  non-bleed  controller  (RP-908A)  and  a  temperature 
feasor  (LJP914)..  „  • 

PROCEDURES  *  ,  .    •  * 

Accomplish  all  preoperational  checks  listed  below  prior  to  operation"  of  the  trainer- 
and  observe  the  listed  procedures  closely  during  all  operations.  , 

PREOPERATIONAL  CHECKS  AND  ADJUSTMENTS  „ 

1.  Locate  trainer  assigned  by  the  instructor. 

2.  Preoperational  checks. 

,    .       "  s  •> 

a.  Close  all  air  line  valves.  * 

t, 

b.  Check  Master  Switch  for  ON  position. 

c.  Check  Air  Compressor  Switch  for  ON  position. 

3.  Connect  the  control  loop  as  shown  in  figure  8. 


INPUT     •  REG 


mm 


THERMOMETER 


GRADUAL  SWITCH- 


PNEUMATIC 
VALVE 


SWITCHES 

M  C  F  A/C  1  2. 
•III     I     I  I 


20  PSI  AIR  SUPPLY1  ■ 


,   NOT  AJR 


VARIABLE 
AIR 


906A 


>\     COLD  AIR 


J  Lp  LP -9 14 


S 


DAMPER  OPERATOR 


Figure  8. 2Q 7 
20  '  • 


4.  Remove  cover  from  controller. 

5.  'Apply  20  psi  supply  pressure.                              ,  / 
CALIBRATION 

1.    Deter  ihine  the  action. 

a.    Warm  the  sensor  with  your  hand.  .  g 

Observe  the  branch  line  gage.*  J     /  .< 

•  *•         ■  *           '  / 

(1)  Did  the  pressure  Increase  or  decrease?  ±   ^ — 

(2)  Is  the  controller  direct  or  reverse  action?  ,  action. 

(3)  '  How  can  the  action  be  changed  7   ".  — — 


,2.    Set  the  controller  for  direct  action. 

NOTE:  The  two  action  springs  are  left  disconnected  when  the  controller      *  * 
is"  adjusted  for  direct  action.  Springs  are  connected  f  of  -were*  action- 

♦  » 

3.  Adjust  the  proportional  band  setting  for  ^percent  P.  B.  * 

NOTE:    The  main  lever  which  has  the     a  adjustment  knob  hac  two  P,  B. 
!  scales.  One  scale  is  for*directran  action  ami  the  other  for  reverse 

action.  When  adjustingthis  setting,  be  sure  the  proper  scale  is  used 
for  the  action  the  controller  is  set  for. 

When  the  P.  B,  setting  is  .^percent,  what  is  the  throttling  range  of  this  controller, 

having  a  -40  to  160°F  rsuge?  ;    °F.  i 

«      -  i  .  , 

4.  Check  the  proportional  band  spring. «     .  V  /  ' 

NOTE:  'This  spring  is  connected  to  the  main  lever  when  the  proportional  band 

.  setting  is .15  percent, and  aboVe.  .  ♦  *  /  .  < 

With  a  proportional  band  setting  of  10  percent,  is  this  spring  connected?   


Turn  the  set  point  adjusting  scr>w  to  obtain  midspring  range  of  the  controlled  f 

device.  . 


6:    Find  the  ambient  sensed  temperature  of  the  seospr 
.  a.    Sensor  temperature    •  


b.    Using  the  pneumatic  temperature  chart^ff.gure  8  ),  what  pressure  should 


Port  No.  1  be- indicating?   ■    '  4 


21         '  c  - 


V  •  /  V 

7.    Loosen  the  scale  pl%te  screw  and  adjust  scale  with  dial  to  indicate  the  sensed 
temperature.  '  ^  • 

PROPORTIONAL  BAND  CHECI^ 

1.  Turn  the  set  point  adjusting  screw  until  8  pai  branch  line  pressure  is  obtained. 
.2.    .Note  the  .temperature" setting  on  dial.        '     *      .  ~    r  °F. 

S  /[> 

3.    Now,  turn  the  set  point  adjusting  screw  un$l  13  pai  branch  line  pressure  is 


ob 


tained. 

4.    Note  the'-temperature  setting  on  dial. 


/ 


°F. 


5. 


NOTE:   The  temperature  sitting  difference  obtained  with  a  8-13,  pai  branch  line 
pressure  change  should  equal  the  proportional  band  setting.  / 

/      /  ■  *  ' 

/    '  '  /  / 

If  the  proportional  band  setting  is  not  correct,  then  readjust  P.  B.  and  recalibrate 
controller  following  calibration  step  procedure.  ,  / 

6.  If  the  above  check  indicates  a  correct  adjustment,  the  pneumatic  controller  is  in 
calibration.      *"  • 

'   •  '       .  '  •       *       '   '  '  "*  * 

7.  Turn  the  set  point  adjustments  a  set  point  of  70°  and  the  pneumatic  sensor-  * 
controller  will  be  in  control 

'•■  x 

8.  -  Shutdown  procedure*. 


a.    Close  air  line  valves. 


b.    Disassemble  hoses  from  regulators  and  controls. 
;      c.    Check  all  switches  for  OFF  position. 
9.    Replace  cover. 

10.    Have  instructor  check  your  work. 


Checked  by 


Instructor 
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:  ELECTRIC  CONTROI^S       «     '     *  v** 

OBJ^CJpVE    '  ,        ■  -  -         *■  *  , 

1.  'To  develop  »  knowledge  and  understanding  of  electric  controls,  their,  use, 
"    advantages,  and*a}jpiications. 

2.  To  develop  the  skills  necessary  for  the  installation,  calibration,  and  main- 
J  tenance  of  electric  control  loops  to  include  the  following: 


'•a-     Series  20.  40.  and  30  Minneapolis- Honeywell  controls. 
.  b.    Series  60  and  9Q  Minneapolis- Honeywell  controls.- 

I 

INTRODUCTION  v  .. 

'  The  applications  of  automatic  controls  range  from  simple  domestic  temperature 
control  to  precision  control  of  industrial  proce»ses.  Automatic  controls  can  be  used 
Whenever  a  variable  condition  must  be  controlled.  These  rondition*  may  be  pressure, 
temperature,  ^umidjty  or  rate  and  vbiumaof  flow.  Automatic  confrois  are 'applied  to 
refrigeration,  ajr  conditioning,  heating,  Ventilation, or  a  combination  thereof.  All 
automatic  controls  are  to  v  •  v 


1. 
2. 


Ensure  that  a  desired^  condition  is  maintained.  K 


4  ? 


> 


\ 


•  Serve  a  safety  function  by  keeping  variable  conditions  within  predetermined 
limits  or  by  preventing  mechanical  equipment  from  operating  when  its  opera- 
tion woukl  be  hazardous-       *  *        *  #  -s» 

.if 

3.  Ensure  economical  control  by  providing  operating  cycles,  or  a  level  of  system 
performance  that  matches-load  conditions. 

'"'  ^ '  • 

4.  Eliminate  human  error.   A  complete  and  properly  designed  automatic  control  ♦ 
system  has  the  capability  of  interlocking  and  coordinating  refrigeration,  air- 
conditioning,  heating,  and  ventilation\sy  Stems  in  a  mannter  impossibly  to 
accomplish  with  manual  controls.        \  ,  /* 

There  are  six  basic  functions  that  must  be  performed  oy  the  controls  if  the,  system 
is  to  be  fully  automatic.    These  functions  and  the  units  that*perform  tnem  are      - 1    '  J 

i  ■* 
X.     Function:  Measure  changes  in  one  or  more  variable  conditions. 

Performed  By:     Sensing  or  measuring  element 


2.  Function: 

Performed  By: 


Translate  these  changes  into  force  or  -energy  of  a  kind  that 
can, be  used  by  the  final  control  element  A  *.„ 

Controller  mechanism. 


30-1 
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3.*.   Function:  Transmitting  this  energy  to  the  point  of  corrective  actior. 

'    Performed  Bv:  '  ElectricaHwiring.  pneumatic  piping  and  mechanical  linkage. 

Function:  Use  energy  to  position'  the  fihal  control  element  effecting  a 

corrective  change  imthe  control  variable. 
V  Performed  By:     Controlled  device  or  actuator,  such  as  a  vaiv;e  or  damper. 

*      5..    Function:  "Detect  the  completion*  >f  the  corrective  change. 

Performed  By:     Sensing  or^raeasuring  element. 

« 

6.  \  Function:  Terminate  corrective  change  to«  prevent  overcorrection. 

f  ^  Performed  By:     .Controller  mechanism,  connecting. piping,  wiring  and  linkage 

.       >  and  the  controlled  device, 

\.  -  « 

S       -  *  „  j 

•  Ta  a  large  degree,  the  type  of  energy  which  is  best  suited  for  a  particular  control 
prpblem  determines  the'kind  of  control  equipment  selectfd.   Electrical  energy  is 
commonly  -us?rf  to  transmit  the  controller  nreasuremenl'  of  a  change  fin  a  controlled 
variable^  other  j)^ts^d£the  system.   If  also  translates' that  measurement  into  work 
at  the  final  control  element  -For  this  purpose  electricity  has  the-following  advantages: 

r  J       1  J 
•    It     readily  available/-  * 

P     Electrical  wiring  is  usually  simple  ang'easy  to  install. 


•  .Electrical  energy  readily  amplifies  the'telatively  small  signai'received  by  the 
sensing  element  making  it  nqssible  to  control  systems  which  ordinarily  could 

*  .        not  be  controlled.  # 

•  The  impulse  received  from  the  sensing  element  can  be  applied  directiy*to 
^            produce  one  or  several  combinations  or  sequences  in  electrical  outputs. 

•  '    It  readily  permits  controlling  from  a  remote  point. 

•■  ■       •  •<•  . 

ELECTRICAL  DEVICES  .  •  . 

Before  you  can  fully  understand  the  operation  of  electrical  controls  you  must  first 
have  a  working  knowledge  of  electricity,  electrical  circuits  and  electrical  devices. 
For  a  review  of  these  items  consult  SG  3ABfl54530-II-2  and  SG  3ABR5453G-II-3  and  4. 
There  are  several  devices  which  are  commonly  found  it)  electric  control  circuits.  We 
will  briefly  cover  these  items  and  their  basic  operations. 

Switches 

4 

Switches  are  used  to  open  and  close  circuits*  The  two  main  types  of  switches  used 
in  controls  are  snap  acting  and  mercury  bulb. 


>■ 


305 


SNAP  ACTING  SWITCHES.    These  switches  are  constructed  with  fixed^contacts 
securely  attached  to  the  thermostat  base.   The.se;fixed  contacts  are  mo^nud  inside  a  . 
permanent  rofcd  magnetwhich  provides  a  magnetic  field  jn  the  area  of  the  contacts. 
The  movable  intact  is  attached" to J^oimetaf  element.   Upon  a  decrease  in  temperature-' 
tt  will  move  towards  the  fixed  j;£>ntaTr  As  the  contact  enters  the  magnetic  field,  the 
magnetic"  field  "pulls"  this  contact  against  the  fixed  contact'  with  a  positive  snap.  As  the 
temperature  increases  the  bimetal  becomes  warmer  and  wants  to  puji  the  movable  con- 
tact awav  from"  the  fixed  contact.  'Because  the' movable  contact  is  in  the  magnetic  field. 
the  bf metal  does  not  m  this  tnstanO-have  enough!  prce  to  overcome  the,  magnetic  force- . 
As  the  bimetal- continues  to  warm  and  bend,  it  soon^detfelops.  enough  force  to  overcome 
the  magnetic  field.  The  movable  contact  breaks  away  with  a  positive  snap.    Figure  1 
illustrates  an  SPST  snap  switch,    ftgure  2  illustrates  an  SPDT  snap  swi-tch. 
•  V  ■  *  « 


Fmt'O 

,  CONTACT 


Figure  1.    SPST  Snap  Acting  Switch 


FJfeur*  2.   SPDT  Snap  Acting  Switch 


%  *  , .  ft     i  .        ^  ,        •  ■• 

Controllers  are  supplied  w.tth  dust  covers^  to  prevent  dust  and  other  cpittaminants ' 
from  getting  on  the  -contacts,    Should  it  become  necessary  to  clean  the  contacts,  use  a 
clean  business- card  or  smooth  thin  cardboarU    The  card  should  be  inserted  between 
the  contacts  and  genUy^pulled  back  and  forth  to  remove  the  dirt  or  film.    Never  use  a 
file  or  sandpaper  fgr  this  purpose.  - 

.  MERCURY  SWITCHES    These  switches. perform  the  same  switch  actions   s  he 
snap  acting,  but  in  a  different  manner-    Thefewitching  is  accomplished  by  a  gfobiue  of 
mercurv  moving  between  two  or  three  fixedprobes  sealed  within  a  glass  bulb.    The  • 
mercurv  bulb  is  altadhed  to  the  thermostat  bimetal/  Tigures*3  and  4  illustrate  an  SPST 
and'an  SPDT  mercury  switch.    Figufr*  5  illustrates  a  mercury  switch  attached  to  the 
bimetal.  „  • 


EC  196 


Figure  3     SPST  Mercury  Switch 


EC  -ItS 

Tiicurc  4.    SPDT  Mercury  Switch 
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Control  Transformers 


Figure  5.   Mercury  Switch  and  Bimetal 

'   -'J  - 

/ 


In  this  study  guide  the  terra  "line"  voltage  refers  to  the  normal  electric  supply 
voltage  which  is  usually  in  the  range  of  215  or  230  volts.   Line  voltage  may  be  used 
directly  or  connected  to  the  primary  side*bf  a'stepdowji  transformer  for  a  low  voltage 
circuit.   Most  of  the  electrical  controls  we  will  discuss  uses  from  20  to  24  volts  ac. 
The  control  transformer  is  used  to  obtain  this  low  voltage  supply.    Figure  6  illustrates 
a  mul  tic  oil  multitap  transformer  used  for' this  purpose. 

 ®    "  : 
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Figure  6.   Control  Transformer  » 
TROUBLE  ANALYSIS  OF  ELECTRICAL  CONTROL  SYSTEMS 

* 

Before  you  can  effectively  troubleshoot  a  control  circuit  or  system,  you  should 
know  the  circuit  and  how  it  operates.   You  can  find  these  items  in  the  wiring  diagram 
of  the  circuit,  located  on  the  inside  of  the  controller  cover  or  control  panel  cover.'  If 
the  system  does  not  operate  properly*,  the  circuit  is  defective  and  an  analysis  as  to  the 
type  of  *  rouble  and  its  location  must  be  made. 

4 
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Types  of  Troubles  ' 

In  practically  all  cases,  the  actual  trouble  will  be  one  of  the  following  types; 

an  open,  a  short;  or  hew  power.  ;  ' 

■  •  *>  . 

An  open  circuit  is  one  that  has  a  break  in  any  part  of  the  electrical  circuit  between . 
the  unit  of  resistance  and  the  source  of  power,   The  effect  of  an  open  is  that  no  current 
can  flow  so  the  unit  is  inoperative.    •  jt 

A  short  circuit  is  one  in  which  a  conductor  makes  contact  with  another  conductor. 
A  "hot"  conductor  touching  a  rteutral  conductor  is  called  a  "direct  short. "  As  you  prob- 
ablv  know,  this  will  blow  a  fuse  or  trip  the'circuit  breaker  because  there  is  no  resistance 
in  the  circuit.   When^two  different  "hotV  conductors  come  in  contactwiih  each  other,  it 
is  called  a  "cross  short.  "  This  can  cause  power  to  be  applied  even.thougn  power  has  ,u 
been  opened  in  one  "hot"  conductor.  ,  • 

%  Low  power  causes  units  to  operate  improperly.    Two  effects  are  sluggish  motors, 
and  dim  lights.    Besides  low  voltage  from  the  p^wer  source,  low  power  can  be  caused^ 
by  loose,  dirty      corroded  connections. 

Location  of  Trouble  >(  ^  + 

As  soon  as  you  have  studied  the  wiring  diagram,  the  next  step  is  to  locate  the 
trouble  by  properly  using  a  testing  instrument.  *       _  f 

Opens  can  be  found  in  circuits  with  a  voltmeter  when  the  power  is  left  on.   Figure  1  . 
shows  the  voltmeter  indications  of  a  control  circuit  that  is  operating  properly.  The 
readings  irf  figure  8  show  that  thermostat  switch  has  an  "open. '   The  switch  is  closed 

*  but  the  motor  still  is  not  operating.  ,  t  -  v  . 


Figure  7.   Normal  Voltmeter  Readings 


Figure  8.    Voltmeter  Readings  Indicate  an  "Open"  in  the  Thermostat 
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You  can  see  from  the  contrast  of  fifures  7  and  8  that  the  voltmeter  readings  will 
tell  if  the  circuit  is  properly  operating.   It  also  tells  where  theexisting  trouble^  is 
located. 

(^pens  may  be  located  with  any  device  which  checks  continuity,  such  as  a  continuity 
meter  ✓continuity  light  or  ohmmeter.   These  testers  are  used  when  power  is  OFF.  An 
ohmmeter  could  be  used  in  figure  8  to  locate  the  open  in  the  switch.  With  the  power 
off;  the  ohmmeter^vould  indicate  infinity  ( oo  )  across  the  switch  which  means  it  is 
» open.  ,  '     •  ; 

Shorts  are  usually  located  with  an  ohmmfter*  A  direct  short  would  blow  the  fuse 
;  or  trip  the  circuit  breaker:  therefore  .  power,  cannot  be  applied  to  check  with  a  volt- 
meter.  A  gross  snort  in  most  cases -would  not  blow  a  fuse,  but  a  voltmeter  would  not 
tell  if  a  cress  short  was  present.   The  proper  thing  to  do  would  be  to  isolate  the  circuit 
and  check  for  continuity  between  the  two  wires,  1  * 


The  circuit  in  figure  9  has  a  direct  short  between  Lj  and         the  blown  fuse 
indicates  there  may  be  a  direct  short.   The  ohmmeter  indicates  a  direct  short  because 
it 'reads  zerjj  resistance.   A  reading  of  infinity  would  have  indicated  there  was  no  short. 
A  cross  short  would  be  located  in  the  same- manner. 


▼yu  •to** 


Fi^urtf  9.   Direct  Short 


.  »      The  same  procedure  is  used  to  locate  troubles  in  three;  and  four-wire  systems. 
The  main  thing  is  to  study  the  wiring  diagram  and  determine  how  the  circuit  should  * 
v     operate.    The  trouble  can  be  located  with  th£p*°Per  instrument  as  you  use  your  know!'- 
\  edge  of  locating  troubles.  # 

ELECTRICAL  CONTROL  LOOPS 

>lt-       The  following  table  classifies  and  describes  the  Minneapolis-Honeywell  control 
,  ^  circuits.  *s  shown  in  figure  10. 
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SERIES 


CONTROLLER 


10    .   Makia  oat  circuit  to  start, 
brtak*  it  tad  mafctt  a 
second  circuit  to  slop. 


4Q<  .  .  Makts  circuit  whta  switch 
1  it  clottci.  fcrsaka  it.whtn 
switch  is  optn. 


■  tf)        Lint  vol  tag  t  tqiuvalt'm 
TVo-       of  Strict  20. 
petition 


SIGNAL  CttClflT 


Thrw«-»irt. 
low  roitaft. 


ACTUATOR 


CONTROL  MODE 


Ax*  Stritt  20  dtvict 


Two- wirt. 
lint  volUft 


Any  Stritt  40  dtvict 


Thrtt-wirt  - 
lint  voitagt. 


60       Lint  or  low  voltage 
.Floating  Hotting  control .  (Similar 
to  modulating  action) 


Thrtt-wirt. 


Stritt  SO  CWo-poSition 

control  motor. 
* 

* 


TNto-poaitioa. 


Tto-potUion. 


MVo-potltion. 


tiO       Low  voiugt-tquivaltnt 
*    of  Strips  40. 


90       Modulating  action 
(proportional) 


Two-win*, 
low  voitagt. 


Thrtt-wirt, 
tow  voitaft. 


Serf**  69  floating  motor. 


Any  Stritt  80  motor 
or  toltnoid. 


Any  Stritt  90  motor. 


Stngit  spttd  floating- 


T*o-poaiUfiR, 

i 


Proportional 


Figure  10.    Minneapolis- Honeywell  Control  Circuits 


Series-20  Control  Circuit 

The  series-20  control  circuit  is  designed  for  low  voltage,  two-position  control  of 


1.  motorized  valves 

2.  motorized  dampers. 


Series-20  control  circuits  are  not  "fail-safe"  and  should  not  be  used  tfhere  continued 
operation  of  the  controlled  equipment  would  be  hazardous  if  the  power  failed.  Series-20 
motors  (and  equipment  under  their  control)  remain  in  whatever  position  they  happen  to 
occupy  at  time     power  failure.  The  valve  has  provisions  whereby  it  may  be  positioned 
manually  by  use  of  an  Alien  wrench. 

The  series-20  control  circuit  consists  of  one  holding  and  two  starting  circuits. 
The  motor  rotates  in  one  direction  only,  malting  a  half  turn  (180°)  each  tinv  one  of  the 
starting  circuits  and  holding  circuits  are  completed.  A  cam  and  switch  arrangement  on 
the  motor  shaft  makes  the  holding  circuit  at  the  beginning  and  breaks  th*  holding  circuit 
at  the  end  of 'the  180°  shaft  travel.   To  obtain  two-position  opera  (ion.  the  motor  and 
circuit  are  constructed  so  that  once  the  motor  is  started  it  cannot  stop  until  it  has 
rotated  a  full  half  turn  or  180°. 


3  in 
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Figure  11  illustrates  a  complete  series-20  control  loop  used  to  control  room 
temperature  utilising  a  "steam  radiator.  The  equipment  includes  a  ?4- volt,  transformer, 
a  series-20  thermostat,  and  a  series-20  motorized  valve.        I  • 


LINE 
VOLTAGE 


24  VOLTS 


STEAM 


SERIES  20 
THERMOSTAT 


SERIES  20  MOTORIZED  VALVE^ 

.  < 

RADIATOR 


i  f 

j — N 

A. 

rK 

i 


Series-20  Operation 


Figure  11.   Series-20  Control  Loop 


The  thermostat  is  constructed  with  a  bimetal  blade  which  engages  the  blue  contact 
on  a  drop  in  temperature  and  the  white  contact  on  a  rise  in  temperature.   In  figure  12 
the  blade  is  shown  in  the  satisfied  position.   The  maintaining  switch  cam  and  contacts, 
the  motor,  gear  train  and  crank  arm  are  symbolically  shown.   The  following  figures 
show  the  progressive  completion  of  the  circuit. 


Figure  12.   Complete  Basic  Series-20  Control  Circuit 
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in  the  shaded  diagrams  that  follow  a  solid  white  line  labeled  indicates  that  nuuciinuni 
current  is  flowing  Ohrou£n  that  part  ot  the  circuit;  a  broken  white  line  labeled  indicates 
that  negligible  current  is* flowing  through  that  labeled  part  of  the  circuit;  and  a  solid 
black  line  labeled  indicates  inactive  portion  of  the  circuit. 


TEMPERATURE  DROP 

1.    The  thermostat  blade  engages 
the  Blue  contact; 

\  ' 

.    2     The  starting  circuit  is  CLOSED. 

3.-     The  riiotor  is  energized  and 
begins  to  rotate  clockwise. 


"IS 


CJtAN«*t*rT 

urn 


HOLDING  CIRCUIT  ESTABLISHED 

As  the  motor  and  cam  rotate: 

1.      The  left  blade  of  the  maintaining 
-witch  makes  contact  with  SI  and  the  fold- 
ing eif  cuit  is  closed.    The  holding  circuit 
is  independent  of  the  "starting  circuit  and 
once  made**  will' furnish  current  to  the 
motor  regardless  of  the  action  of  the 
thermostat. 


\ 


2.    If  thte  thermostat  continues*  to  hold, 
the  Blue  contact  closed,  a  small  amount  of 
current  will  flow  through  it.   Most  of  the 
current  will  flow  through  the  holding  circuit 
because  it  offers  the  path  of  least  resistance. 


3 1  o. 


 1 

HOLDING  CIRCUIT  BROKEN 

r  U|tten  the  motor  shaft  has  rotated 
180  degrees:  .  +  . 

1.  The  cam  breaks  contact  S2. 

2.  All  circuits  are  opened. 

V  t 

3.  The*  motor  stops. 

4.  Negligible  current  passes  through 
the  heater  resistance;  current  js  insufficient 
for  motor  travel. 


/ 


<  V  


Figure  15. 


TEMPERATURE  RISE 

Both  temperature  rise  in  the  controlled 
space  and  heat  from  the  resistance  heater 
causes  these  actions: 

.V 

*'  1.  The  thermostat  blade  moves  to  the 
right  and  engages  the  White  contact. 

•  2.    The  starting  circuit  is  closed. 


wise; 


The  motor  starts  to  rotate  clock- 


J, 


The  additional  heat  pro* video"  by  the 
resistance  heater  causes  the  .thermostat 
to  close  R  to  W  sooner  than  normal.  This 
action  tends  to  smooth  out  the  "overshooting . 
swings"  which  prevail  in  simple  two- 


position  control. 


Figure  16. 

s 


EeST/ 


HOMING  CIRCUIT  REESTABLISHED ' 

1 .  The  right .Made  ot  the  ifUataining 
switch  makes  contact  with  S2, 

2.  The  motor  continue  a  tojrotate  until 
it  has*  made  a  180°  turn. 

When. the  motor  has  completed  the 
180°  turn,  the  holding circuit  is  again 
broken  at  contact  fl%M  the  motor  stops- 
It  has  then  completed  a  cycle 


I*  IN 


Figure  17.  .'  ^ 

i 

t 

Series- 40  and  Series-80  Control  Circuits 

The  series-40  and  -80  are  the  simplest  of  the  Minneapolis- Honeywell  control  cir- 
cuits: their  control  combinations  are  also  very  simple.  The  series-40  and  -80  control 
circuits  act  to  make  and>reak  an  electrical  circuitwhich  results  In  two-position. 

response-  -  j 

Series-40  and  -30  controllers  include  the  following:  room  thermostats,  insertion 
thermostats,  pressure  controllers  and  humidity  controllers. 

The.  series-40  control  circuit  in  a  line  voltage  circuit  and  the  series-80  is  a  low- 
voltage  circuit.   Both  are  switched  directly  by  the  SPOT  switching  action  of  the  series-40 
or  -80  controller.   These  controllers  may  have  either  open  contacts  or  mercury  switches 
In  most  cases  they  are  snap  acting.  As  was  stated  earlier  this  controller  Is  two- 
positinn  and  requires  two  wires  and  can  be  used  to  control  fans,  lights,  electric  motors - 
and  rfther  standard  line  or  low-voltage  equipment  as  well  as  the  series-40  or  -80  motors 

Series-M)  and  Series-80  Operation 

The  equipment  under  control  is  energized  when  the  controller  switch  is  closed  and 
deenergized  when  it  is  opened.    This  arrangement  is  very  simple  in  principle.  Fig- 
ure 18  shows  a  basic  circuit. 
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COMTMLUli 


SUPPLY  VOLTaOI 


(l-4ft  UMt  VOLT  AC  I) 
<$-*0  LOW  VOL  TAG!) 


smtis  -  40 

If  MIS  -  M 
MO  TO* 


tc-iai 


Figure  18, 

*  * 

Figure  19  shows  a  complete  series -40  or  series-80  control  loop*   It  includes  a 
controller,  control  motor,  control  device,  and  a  power  supply.  The  thermostat  is 
•sensing  the  temperature  of  the  water.   A  drop  in  temperature  below  the  set  point  causes' 
the  mercuny  bulb  to  rotate,  allowing  the  mercury  to  close  the  circuit  to  the  motor 
winding  and  the  brake  solenoid  coil*  As  the  motor  turns,  the  valve  will  open  and  allow 
steam  to  entfrt,    The  motor  is  equipped  with  a  spring  which  winds  up  as  the  motor 
operates  and  the^haft  turns*  At  the  end  of  the  power  ftroke,  a  cam  assembly  opens 
vthe  limit  switch  and  tKe  motor  stops.  The  motorSs  held  in  the  extended  position  by  the 
brake  solenoid,  as  long  as  the  controller  keeps  the  circuit  closed.  As  the  temperature 
of  the  water  rises  the  mercury  bulb  will  rotate. once  again,  in  the  opposite  direction, 
When  the  controller,  breaks  its  circuit  (or  when  a  power  failure  occurs)  the  brake  sole- 
noid Circuit  is  broken  and  the  spring  failure  occurs)  the  brake  solenoid  circuit  is 
broken  and  the  spring  winds  the  motor  to  the  deenergized  or  normal  position.  For  this  ' 
reason  the  series-40  and  the  series*80  motors  are  FAIL* SAFE 
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Figure  19.    SerieS-40  or  -80  Control  Loop 

Series-60  Control  Circuits 

The  series-60  control  circuits  make  and  break  electrical  circuits  which  results 


in 


^  v*>m  w        »  — -  — —   V 

two  kinds  of  responses- -two-position,  figure  20;  or  floating,  figure  22.  \^ 
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SERIES-60  TWO- POSITION  CONTROL  CIRCUIT.    The  series-60  two-position 
control  circuit  is  similar  to  the  series-20  except  that  series-60  is  a  line  voltage  circuit 
It  can  be  used  for: 


T«0  POSITION  COMTftOULlft 


1.    Industrial  applications  using  , 
line  voltage  equipment. 

,,'    2.    Installations  where  single-pole 
double- throw  (SPDT)  control  of  line 
voltage  is  needed.  . 

A  series-60  two-position  control 
circuit  is  not  "fail-safe"  and  should  not 
be  used  where  continued  operation  of  the. 
controlled  equipment  wodki  be  hazardous 
if  the  control  circuit  power  should  fail. 
Series-60  two-position  motors  (and  equip- 
ment under  their  control)  remain  in  the 
position  they  happen  to  be  in  at  power 
failure^ 

The  basic  series-60  two-position 
control  circuit  can  be  obtained  by  com- 
bining a  series-60  two-position  motor 
and  a  series-60  two-position  controller. 


J 


»     *  i 

|   Tp  110  VOLT  POWES   T 

>  UNIDIRECTIONAL 
SEMES— 40  TWO-POSITION  MOTOE 

CC-Mt 

Figure  20. 


v        SERIES-60  F LOATING  CONTROL  CIRCUIT.    The  series-60  floating  control  pro- 
duces a  response  that  is  different  from  two-position  response.    Floating  controls  are 
usually  applied  to  the  following: 

1.  Motorized  valves' as  used  on  tank  level  control  systems,  figure  21. 

2.  Motorized  dampers  for  static  pressure  regulation,  figure  22.    (Static  pressure 
regulation  will  be  used,  to  demonstrate  the' operation  of  foe  series-60  floating  control 

loop-  )  W  v 

There  is  no  fixed  number  of  positions  in  floating  control,  a*  it  is  intended  that  the 
final  control  .element,  such  as  a  valve  or  damper,  be  allowed  to  assume  any  position, 
between  its  tw<fextremes  (fully  open  to  fully  closed)  as  long  as  the  controlled  variable 
remains  between  the  limits  of  the  controller. 

•     .      -         ,^  ^  • 
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MO  TO  II  . 
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W0«  VOLTAOI 
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Figure  21  ,  Tank  LevelContrpl 


Senes-60  Floating  Operation 

Figure  22  illustrates  a  complete 
senes-60  floating  control  circuit.  The 
equipment  includes  the  following: 

1.  A  static  pressure  controller; 

a  control  especially  designed  to  measure 
and  control  extremely  small  pressures, 
such  as  in  an  air-conditioning  duct  or 
PMELVoom.    '  ^ 

2.  A  series- 60  floating  control 

motor. 


irifiC  »MiWM  C0att3lt.tt 


Figure  22.  Complete  Series-60  Floating 
Control  Circuit 
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A  Wiring  diagram  of  the  power  unit 
showing  the  coila  Wl  and  W2.  capacitor  M. 
and  the  circuit  connections  will  be  found 
in  figure  23    The  common,  or  RedL* 
terminal  is  connected  to. one  side  of  the 
powerline.  When  the  other  side  of  the 
powerline  is  connected  to  either  the  White 
or  the  Blue  terminal,  the  motor  will  run. 
The  direction  of  rotation  depends  on  which 
terminal  the  powerline  is  connected  to. 
Thus  the  motor  can  be  reversed  by  the 
switching  action  of  the  controller  as  it 
directs  the  power  to  either  the  White  or 
Blue  terminal  when  a  corrective  action  is 
desired  at  the  final  control  element. 

Figure  23.   Diagram  of  the  Internal 
Circuit  of  the  Series- 60  Motor 

If  the  controller  is  positioned  so  that  the  White  terminal  is  energized,  the  current 
will  pass  directly  through  the  W2  winding.   Current  also  flows  through  the  Wl  winding 
but  must  first  flow  through  the  capacitor  M;   The  phase  of  the  current  through  WZ  is 
shifted  relative  to  that  through  Wl  and, the  "motor  will. turn  in  a  corresponding  direction. 
When  the  controller  switch  is  positioned  so  that  the  Blue  terminal  is  energized,  the 
phase  is  shifted  in  the  other  direction  and  the  motor  is  reversed.  When  no  power  is, 
furnished  to  either  the  Blue  or  White  terminal,  the  motor  remains  stationary. 

Limit  switches  are  included  in  floating  motors  so  that  the  White  and  Blue  circuits 
can  be  opened  when  the  motor  shaft  reaches  the  end  of  its  travel.  The  rotation  of  the 
motor  crank  arm  is  usually  limited  to  160  degrees  in  this  way. 


1.    On  a  drop  in  pressure: 

a.  The  controller  blade  con-  « 
tacts  the  Blue  terminal,  making  Red  to 
Blue 

b.  The  Blue  terminal  of  the 
motor  is  energized. 

c.  The  motor  turns  in  the 
direction  which  will  establish  a  correc- 
tive action  at  the  final  control  element. 


Figure  24.    Pressure  Drop 

t 
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2.    U  the  pressure  drop  cannot^e  * 
immediately  corrected  by  the  floating 
action  of  the  controller: 

a.  The  motor  continues  to 
drive  the  final  control  element  toward 
the  corrective  position  until  it  reaches 
the  end  of  its  travel. 

b.  The  limit  switch  Si  is 
opened  by  the  motor  cam  and  the  circuit  ^ 
is  deenergized.  y 

c.  The  motor  stops. 


»T»tiC  •MtWM  C»«TMtkt« 


Figure  25.   Sustained  Pressure  Drop 

* 

3.    Rise  in  pressure 

On  a  rise  in  pressure*,  the  controller  blade  makes  contact  with  the  White  terminal. 
The  motor  then  turns  in  the  other  direction  until  it  has  corrected  the  pressure  rise  or 
until  it  has  reached  the  end  g(  its  travel  and  opened  the  limit  switch  S3. 

When  the  controller  blade  is  moving  between  the  Blue  and  White  contacts,  \he 
motor  is  deenergized.   The  circuit  remains  deenergized  as  long  as  the  pressure  stays 
between  the  upper  and  lower  limits  of  the  controller  neutral  zone. 


Series-90  Control  Circuit 

The  series-90  control  circuit  supplies  modulating  or  proportioning  control  action 
and  may  be  applied  to:  , 

1.    Motorized  valves  { 

2     Motorized  dampers 

3.     Sequence  switching  mechanisms  , 

The  circuit  operates  to  position  the  controlled  device  at  any  point  between  fu>ly  open 
and  fully  closed,  which  will  proportion  the  delivery  of  the  agent  to  the  immediate  need 
as  indicated  by  the  controller. 
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Modulating  control  is  not  subject  to  the  same  operating  limitations  as  the  two- 
position  or  floating  controls  > 

1.    Two- Position:  The  two-position  control  circuit  produces  cycling,  an  on-off 
or  open-closed  control.   It  will  not  control  a  close  variable  as  the  modulating  control 
There  is  overshooting  and  undershooting  beyond  the  desired  differential.  There  is  a 
time  lag  between  the  controller  and  the  control  device.   Once  the  controller  calls  for 
control  agent,  it  then  must  wait  until  it  senses  the  change  produced  before  it  can  react 
once  again.   Figure  26  graphically  illustrates  the  operation  of  the  two-position  control 
circuit. 


flMf  LAC  BITWitM  CONTROLLER 
AMP  C  OIVICI 


  '   TtMP.  AT  C  OtyiCi 


\_r\_rv_  VALVE  W>»T»Mi  £ioil 


tC-Mt 


Figure  26.   Two- Position  Control  Circuit  Graph 
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2.    Floating:  The  floating  control  circuit  eliminates  cycling,  in  that  the  final 
control  element  cm  take  any  position  between  fully  opes  and  fully  doted.  Overshoot- 
ing and  enetetaooting  it  not  a  problem  with  the  ntnttng  controli.  bttwttt  the  variable 
it  kept  within  tho  ranft  of  the  differential.  A  time  lag  atill  exittt -between  tnt  controller 
and  tnt  control  device-  Onct  agtnt  hat  been  wtplild  it  may  tain  120  seconds  «>r  more 
before  the  change  produced  will  be.  tented  and  reacted  to  by  the  coatroller.  Figure  27 
will  illustrate  the  floating  control  circuit.  * 


t 


t 


\ 

Figure  27.    Floating  Control  Circuit  Graph 

3.    Modulating:  The  term  "modulating"  refers  to  electrical  control  circuits.  The 
term  "Proportional"  refers  to  pneumatic  control  circuits.  They  produce  the  same  type 
of  control ,  for  they  both  have  feedback:  pneumatic  feedback,  produced  by  the  feedback 
chamber  in  the  pneumatic  relay;  and  mechanical  feedback,  produced  by  the  balancing 
potentiometer  in  the  series-90  control  cicuit.  From  figure  28  you  will  see  that  the 
modulating  control  circuit  produces  a  very  close -control  of  the  variable.  Overshooting 
and  undershooting  is  minimum.   The  lag  time  between  the  controller  and  the  control 
device  is  also  minimum.   Figure  29  Illustrates  a  mechanical  link  between  the  controller 
and  the  final  control  element. 
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Figui  e  28.   Modul^ng  Control  Circuit  Graph 


MECHANICAL  LINK 


CONTROLLER 


CONTROL 
OfVICI 


ce-u« 


Figure  29.   Modulating  Control  Feedback 
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Bef ort  you  can  fully  understand  the 
series-90  controller,  you  must  understand 
the  operation  nf  a  potentiometer.  A  poten- 
tiometer ie  a  variable  resistor.  Figure  30 
illustrates  this  component  which  is  a  number 
of  turns  of  resistance  wire  wound  on  a  cyl- 
inder and  .construe  ted' with  three  connections. 
The  center  connection  is  a  movable  finger  or 
wiper  which  rides  over  the  length  of  the  coil 
completing  the  circuit  wherever  it  touches. 
The  wjper  can  be  positioned  manually  or 
automatically,  by  the  sensing  element 
responding  to  a  variable  change. 

Series-90  Circuits 


A/wywv\ 


Figure  30.  Potentiometers 


The  series-90  control  loop  consists  of  two  circuits.  Each  of  them  hasrs  specific 
junction  in  the  overall  operation  of  the  series-90  control  Wop. 

1.    Control  circuit:  Figure  31  illustrates  a  modification  of  the  Wheatstone  bridge. 
It  consists  of  two  potentiometers.  One  potentiometer  is  in  the  controller  and  its  wiper 
is  moved  by  the  sensing  element  reaction  to  each  variable  change.  The  other  poten- 
tiometer is  located  in  the  motor  and  its  wiper  is  moved  by  the  rotation  of  the  motor. 
You  will  note  that  the  control  circuit  also  contains  two  coils  add  a  24- volt  power  source. 
As  shown,  the  thermostat  is  satisfied  and  the  bridge  is  balanced.   Power  (14  volts)  is 
applied  to  the  bridge  by  the  transformer.  There  are  two  paths  for  current  to  flow.  The 
left  circuit  has  a  total  of  135  ohms  resistance  plus  coil  Ci    The  right  circuit  has  a7 
total  of  135  ohms  resistance  plus  coil  C2    The  amount  of  current  flow  is  eflual  in  both 
circuits.   This  is  called  a  balanced  bridge. 


* 


2.    Motor  Circuit:  The  series-90  motor  consists  of  a  reversible  capacitor -type 
motor  unit  and  a  balancing  relay.   Figure  32  illustrates  how  a  balancing  relay  is  con- 
structed. The  motor  is  started,  stopped,  and  reversed  by  the  SPDT  contacts  of  the 
balancing  relay.  The  relay  consists  of  tiro  solenoid  coils  and  a  U-shaped  armature. 
The  armature  is  pivoted  in  the  center  and  each  leg  extends  into  the  hollow  .core  of  each 
solenoid  coil.  A  contact  arm  is  fastened  to  the  armature  in  such  a  maimer  that  one  or 
the  other  of  the  two  stationary  contacts  may  be  engaged  as  the  armature  is  mqyed  back 
and  forth  on  its  pivot  When  the  relay  is  in  a  balanced  condition,  as  shown  in  figure  32, 
the  contact  arm  floats  between  the  two  stationary  contacts  and  the  motor  is  at  rest 
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Figure  31.  :Sert«j-90  Control  Circuit 
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figure  32.   Diagram  of  a  Balancing  Relay 
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Series -'90  Operation   .  *   "    *  *  • 

•Changes  in  condtttone  at  the  controller  offsets  the  control  circuit  so  that  the  amount 
Vcur™&owtng  «**ufh  the  two  relay  coila  tenot  identical.  Whenever  the  currant 
through  theSe  two  coils  becomes  uitoaianced.  one  of  tham  bacomaa  atroaftr  and  tha 

U-  shaped  armature  is  moved.  V 

tha  movement  of  the  armature  clones  one*  th*  reUy  conUcte  which  in  P**  **** 
the  motor  running  In  the  proper  direction.   nVfotl  Cj  taeoM  IMM  ^«2!SX 
blade  is  moved  to  the  left  making  *  circuit  frdm  ona  side  of  the  ' 
to  motor  windinga  W,.   Current  is  also  supplied  tofW2  thr«nh  ^ J^**** 
motor  operates  in  one  direction  until  tha  bridge*  ia  balanced.  At  this  time  tha  contacta 
- the  balancing  relay  is  broken.  •  ' 

i  *  #  * 

'    If  cml  C,  becomes  the  stronger  tha  right-hand  contact  }e  made  and  W^wlndlnga  . 
are  directly  Jowered  whije  winding  Wj  is  powered  through  the  capacitor.  The  motor 
is  again  energised  but  now  in  the  opposite  direction.* 

Figures  33  .  34.  and  35  are  diagrams  of  the  seriea-90  control  circuit  at  work  in 

various  modes  of  operation. 

Figure  33  shows  an  instantaneous  conmttonOn  which  the^  currant  a  flowing  from  the 
transformer,  through  the  potentiometeY  pointer,  and  down  trough  both  lagaol  the 
circuit.   In  the  positions  shown,  the  thermostat  potentiometer  P**"  "*  *•  . 
balancing  poTWiometer  pointer  divide  their  respective  ceUa  ao  that  Rl -  MjMj  " 
R3    Therefore  Rl  *  R3  =  R2  ♦  R4  and  the  resistances  on  both  sides  nl  die  circuit  are 
equal.   The  coils  CI  and  C2  of  the  balancing  relay  are  equally  energised  and- the  arma- 
ture ot  the  balancing  relay  is  balanced.   The  contact  arm  is  floating  between  the  two  • 
contacts,  no  current  is  going  to  the  motor,  and  the  motor  is  at  rest. 
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Figure  33.    Dia^am  *»f  a  Series-90  Control  Circuit  in  Balanced  Condition 
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Figttf  •  34  apcm*  another  instantaneous 
condition  in  which  the  temperature  had 
decreased  a  small  amount  A*  a  result, 
the  pointer  of  tht  thermostat  potentiometer 
has  moved  toward  the  right  end  of.  the, 
potentiometer  coil.  The  amount  at  rests  - 
tance  on  both  aide*  of  the  circuit  in  no 
longer  equal  (Rl  ♦  R3  iVgteater  than 
R2  T  R4).   The  greater  shire  of  the  cerreht 
now  (lows  through  the  rignt  leg  of-  the  cir- 
cuit and  coil  ,C2  of  the  balancing  relay  ex- 
erts a  greater  force  on  the  armature  than 
does  CI.  The  armature  has  rotated*  mak- 
ing contact  to  the  aide  of  the  -#rcuit  that 
sends  current  directly  to  motor  winding  Wt. 
The  motor  is  running  in  the  corresponding' 
direction  and  moving  the  motor  balancing  A 
potentiometer  to  a  hew  position.  * 
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Figure  35  shows  an  instantaneous 
condition  after  the  motor  shaft  hassmoved 
the  motbr  balancing  potentiometer  to\ 
position  which  equalizes  the  current  pass- 
ing through  the  two  legs  of  the  circuit  In 
this  condition,  the  right  side  of  the  thermo- 
stat potentiometer  has  a  resistance  equal 
to  that  of  the  left  side  of  the  motor  balanc- 
ing potentiometer.   Likewise,  the  resis- 
tance of  the  left  side  of  the  thermostat 
potentiometer  is  equal  to  that  of  the  right 
side  of  the  motor'balancing  potentiometer. 
Again,  Rl  +  R3  «  R2  ♦  R4,  current  flow- 
ing through  the  two 'tegs  of  the  circuit  is 
equal,  and  the  motor  is  at  rest. 

By  careful  analysis  of  the  diagrams, 
it  will  be  seen  that  the  motor  runs  until 
the  pointer  of  the  motor  balancing  poten- 
tiometer reaches  a  position  which  corre- 
sponds to  the  position  of  the  pointer  of  the 
thermostat  potentiometer. 


Figure  34^  Diagram  of  Series-90 
^  Control  Circuit  ota  fcrop  in  temperature. 
The  circuit  is  Unbalanced* 
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Figure  35.   Diagram  of  Series- &0 
Circuit  Rebalanced  in  New  Position 
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SUMMARY 

The  purpose  of  electrical  controls  is  to  control  temperature,  pressure,,  or  humidity 
The  types  of  switches  that  are  used  are  SPOT  and  SPDT.  snap  acting  or  mercury 

bulb. 

-  ■  ■  fi 

Series -20  control  loop  is  a  low  voltage,  two-position  control  circuit.   Series -40 
is  line  voltage  and  jsertes-80  is  a  low  voltage  circuit.   Both  are  two-position.  The 
series-60  control  loop  is  either  two- position  or  floating  and  can* use  either  line  or  low 
voltage.   The  series-90  is  a  low  voltage,  modulating  control  loop,  used  primarily  for 
close  variable  control.  * 

QUESTIONS.  >  I  , 

1     Automatic  Controls  are  designea  to  be  used  on  what  systems  ?         .      *»  , 

2.  What  are  the  operational  steps  of  an  SPDT  snapping  switch? 

3.  What  is  the  mam  advantage  of  the  mercury  bulb  switch  over  other  types  of  switches 

4  When  troubleshooting  with  an  ohmmeter.  an  operf  is  indicated  by  what  type  of 
reacting?  » 

5  What  are  the  common  causes  of  low  power  in  electrical  control  circuits? 

I  - 

6  What  are  the  disadvantages  of  the  series-20  control  circuit  ? 


7  What  is  the  main  application  of  the  series-20  motorized  valve  control  circuit 

8  How  can  a  series-20  control  loop  be  changed  from  heating  control  to  cooling 
control  9 


if  ? 


9     What  type  of  motor  is  used  in  the  series-20  motorized  valve  assembly? 


10  What  voltage  is  used  on  the  series-20  motorized  vajve? 

»  > 

11  The  series-20  valve  has  been  changed  for  a  cooling  control  system.   What  would 
be  the  result  if  the  blue  lead  developed  an  open  when  it  came  in  contact  with  the 
red  lead? 
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12.  The  series-20  valve  is  in  the  heating  mode.   What  would  be  the^esult  if  the  blue 
lead  developed  an  open  when  it  came  in  contact  wHh  the  red  lead  ? 

13.  In  the  series-20  control  circuit,  what  starts  the  motor  ?  What  stops  the  motor  ° 

14.  What  type  of  switching  action  is  used  on  the  series-jfo  controller  ?  J 

15.  What  is  the  purpose  cf  the  stepdown  transformer,  when  used  in  the  series-20 
.  control  circuit.  *  _ 

S,  ■  * 

16.  What  would  happen  if  we  had  a  power  loss  on  a  series-20  electrical  system  while 
it  is  in  operation?  i 

17.  Cin  an  SPDT  switch  used  on  a  two-position  control  loop  complete  two  circuits 
at  the'  same  time  ?  Explain. 

18.  In  what  direction  of  rotation  does  the  series-20  motor  turn? 

J* 

19.  On  an  increase  in  temperature  in  the  heating  cycle  for  a  series-20  what  would 
the  "red"  lead  come  in  contact  with? 

* 

20.  What  is  the  voltage  required  for  a  series-40  motor,  for  a  series-80  motor? 

^  '       .  \ 

21.  While  in  operation,  if  the  source  of  power  is  removed  from  the  series- 60  motor, 
what  would  the  result  be? 

22.  What  is  the  purpose  of  the  limit  switches  in  the  series-60  floating  motor? 

23.  What  type  responses  are  the  series-60  controllers  used  for? 

24.  Systems  requiring  fast  reaction  to  any  variable  change  used  what  type  of  series-60 
control  circuit? 

r 

25.  What  type  of  switching  acjidn  is  used  in  the  series-60  controller  ? 

26.  What  is  the  voltage  required  on  the  series-60  floating  motor? 

27.  While  in  operation,  if  the  brake  solenoid  in  the  series-40  motor  develops  an  open, 
what  would  be  the  resul^on  mc^r  operation? 
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28. '    What  is  meant  by  the  term  "Jail-enfe"  ? 

•  * 

29.  What  is  tht  switching  action  of  the  series -40  controller? 

30.  What  type  of  motor  it  used  In  the  series-60  floating  control  loop  ? 

31.  In  the  series -60  control  loop  what  starts  the  motor? 

32.  a  the  blue  lead  was  in  contact  Vith  the  red  lead  on  the  sertes-60  system,  what 
would  be  the  result  if  the  blue  lead  developed  an  open? 

v 

33.  Does  the  series-40  motor  contain  two  limit  switches?  Expkin. 

34.  What  is  the  voltage  requirement  for  the  series-80  motor? 

35.  Does  current  flow  through  a  balanced  series-90  bridge?  Explain. 

36.  What  is  the  voltage  required  on  the  series-90  control  loop.? 

\ 

37.  What  type  motor  is  used  in  the  series-90  control  circuit? 

38.  What  would  be  the  r  esult  if  the  white  lead  developed  an  open  in  the  series-90 
control  circuit? 

39.  What  controls  the  balancing  relay  in  the  series-90  control  loop? 

40.  If  the  signal  wiper  arm  in  the  series-90  controller  became  insulated  from  the 
resistor,  what  wculd  be  the  result?  ) 

41.  What  is  an  advantage  of  modulating  controls  over  two-position? 

( 

42.  What  is  meant  by  modulation  control  loop? 

43.  What  type  switching  action  does  the  series-90  balancing  relay  contain? 

44.  On  an  increase  in  temperature  the  red  lead  of  the  series-90  controller  will 
contact  what  lead  ? 
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45.   .  What  are  th«  two  electrical  circuits  in  the  series -90  control  Ioqb?  Explain 
the  function  of  each.  ,  >  ^ 
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OBJECTIVE 


This  study  guide  will  aid  you  in  learning  electronics  as  applied  to  refrigeration 
and  air- conditioning  control  Systems. 

•  This  information  is  presented  under  the  following  topics:  * 

•  VACUUM  TUBES 

f  i  i 

•  SOLID  STATE  SEMICONDUCTORS 
INTRODUCTION 


■ft* 


Electronic  controls  are  being  feed  more  each  day.  Temperature,  pressure,  and 
humidity  can  be  controlled  electronically.'  The  major  components  of  an  electronic  cir- 
cuit are  ^he  vacuum  tube  or  the  semiconductor. 


:.•»• 


It 


You  will  be  required  tt  inspect,  adjust,  troubleshoot  and. replace  electronic  fontrol 
To  do  this  you  must  know  the  construction  characteristics,'  operating  principles,  and 
limitations  of  both  the  vacuum  tube  and  the  solid  state  semiconductor. 

k      f        J^ACUUM  TUBES 

'  '  ^       ^  '  f 

The  main  difference  between  a  vacuum  tube  and  other  electrical  equipment  is  that 
the  current  in  a  vacuum  tube  does  not  f!ow>through  a  conductor,  but  through  empty 
space— a  vacuum.   This  is  possible  when  'Tree/electrons"  are  introduced  into  the 

vacuum. 


|  — j  "Pins 
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Figure  36. 


Figure  3*7.    Tube  Components 
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One. of  the  most  common  ways  of  introducing  electrons  into  the  vacuum  is  by  placing 
a  conductor  in  the  vacuum  and  heating  it.   This  "giving  off"  of  electrons  by  heating  the 
conductor  is  called  thermionic  emission. 

If  a  thin  wire  or  filament  is  heated  to  a  very  high  temperature  inside  a  vacuum, 
many  electrons,  will  be  driven  off  the  surface  or  "emitted"  from  the  conductor  into  the 
vacuum.  This  wire  becomes  an  electron  "emitter. "  As  the  temperature  is  increased 
(within  certain  limits)  the  number  of  electrons  released  from  the  filament  will  increase. 
These  electrons  emitted  into  the  vacuum  (space)  form  a  nejgative  charge  around  the 
"emitter. "  This  c  large  is  called  a  "space  charge. "  The  emitter  13  commonly  called 
the  cathode. 

T      It  is  not  necessary  that  the  heating  current  always  flow  through  the  actual  material 
that  does  the  emitting.  The  heater  can  be  electrically  separated  from  the  part  that  emits 
electrons.  There  are  two  types  of  cathodes  in  vacuum  tubes.   Thev  are^iractly  heated" 
and  indirectly  heated.    See  figures  38  and  39.  ^ 
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Figure  38.   Directly  "Heated  Cathode  Figure  39.    Indirectly  Heated  Cathode 

Operation  of  the  Diode  Tube 

A  basic  law  of  electricity  states  th/t  like  charges  repel  each  other  and  unlike 
charges  attract  each  other.  Electrons  emitted  from  the  cathode  of  an  electron  tube  are 
negative  electrical  charges.   These  charges  may  either  be  attracted  to  or  repelled 
froraThe  plate  of  a  diode  tube  depending  whether  the  plate  is  positively  or  negativelv 
charged. 

Figure  40  is  a  simple  illustration  of 
a. diode  circuit  and  its  basic  action.  A 
battery  has  been  connected  between  the 
plate  and  cathode  so  as  to  make  the  plate 
negative  and  the  cathode  positive.  A  high 
voltage  power  source  must  be  used  to  help 
pull  the  electrons  through  the  vacuum. 
With  a  voltage  now  applied  to  the  heater, 
the  cathode  will  emit  electrons  (thermionic 
emission).  These  electrons  are«strongly 
repelled  from  the  negatively  charged  plate 
and  tend  to  fill  the  space  between  the  cath- 
ode and  plate.   Since  none  of  the  electrons 
actually  reach  the  plate  and  the  tube  acts 
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as  an  open  circuit  and  the  milltammeter  connected  externally  between  the  cathode  and 
plate  Indicate*  no  current  flow. 

•  *  /  *' 

If  the  battery  connection*  are  re- 
versed as  shown  in  figure  41,  the  plate 
now  becomes  positive  and  the  cathode 
negative.  Again  applying  a  heater  volt- 
age results  in  emission  of  electrons 
from  the  cathode.  These  electrons  follow 
the  magnetic  lines  of  force  and  are  liter- 
ally yanked  (pulled)  to  the  positive  plate 
(due  to  the  high  voltage  power  source)  and 
strike  the  plate  at  a  very  high  speed. 
Since  moving  electrons  comprise  an  elec- 
trical current,  the  stream  of  electrons 
to  the  plate  is  an  electrical  current  and 
is  termed  "Plate  Current.  " 

Figure  41.  Current  in  a  Diode  with  a 
Positive  Plate 

Upon  reaching  the  plate  the  electron  current  continues  to  flow  through  the 
circuTmade  up  of  a  milliammeter,  battery  and  connecting  wires.  The  arrivU* .elec- 
trons are  absorbed  into  the  positive  terminal  of  the  battery  and  an  equal  number ^<jf 
electrons  flow  out  the  negative  terminal  replacing  the  supply  of  electrons  lost  by  ther- 
mionic  emission. 

The  following  conclusions  may  be  drawn  from  figures  40  and  41: 

1.  Electrons  flow  (plate  current)  in  the  diode  tube  only  when  the  plate  is  made 

positive. 


2.    No  current  can  flow  when  the  plate  is  negative. 


3  Current  flow  within  a  diode  tube  is  one-directional  and  ttkes  place  only  from 
the  cathode  to  the  plate.   Never  from  the  plate  to  the  cathode. 

*  J 

4  Because  of,  its  unidirectional  characterietic  a  diode  can  be  made  to  actasa 
switch  orXalve,  automatically  stopping  or  starting 

on  whether  the  plate  is  positive  or  negative  with  "W"^*^'™" 
ability  permits  diode  tubes  to  change  alternating  current  to  direct  current,  or 
as  this>is  termed,  to  rectify. 

RECTIFICATION.   Rectification  is  the  changing  of  alternating  current  into  pulMtins 
direct  current  b\  eliminating  the  negative  half  cycle  or  alternation,  of  *«*c™£«*. 
AnAdeal  rectifier  can  be  thought  of  as  a  switch  that  closes  a  load  circuit  when  the  alter- 
Xg  current  is ^sitive  «d  opens  the  circuit  when  the  alternating  current  is  negative. 
This  is  called  unidirectional  characteristic. 

Half-wave  rectification-diode  rectifier.   A  diode  is  any  electronic  device  consist- 
ing ofiwo  elements  one  being  an  electron  emitter  (cathode)  and  the  ^^icfi1r:t^0n 
collector  (plate  or  anode).   Since  a  diode  will  permit  current  to  flow  only  during  the 
positiM  cycles  of  the  applied  ac  voltage,  it' is  termed  a  half  wave  rectifier. 

31 


33  i 


Figure  42  illustrate!  a  half-wavt  rectifier  circuit  with  ita  input  and  output  wave- 
forms. Aa  you  can  see'  this  ia  a  vary  simple  circuit 


The  ac  supply  voltage  is  applied  through  a  transformer  which  is  in  series  with  the  diode 
tube  and  the  resistance  load.   Plate  current  flows  through  the  tube  every,  other  half  cycle 
or  during  the  poaitive  alternation  of  the  input  voltage  and  is  blocked  during  the  negative 
half  cycle.   The  efficiency  of  the  half-wave  rectifier  is  very  low  and  it  is  used  only  for 
applications  requiring  a  small  current  drain. 

Full -wave  rectification- -duodiode  rectifier.  Frequently  the  elements  for  two  or 
more  tubes  are  placed  in  one  envelope.  When  the  elements  of  two  diodes  are  placed 
in  one  envelope,  the  tube  ia  called  a  duodiode.   See  figure  43. 

Both  alternations  of  the  ac  cycle  are  used.  If  the  plate  at  A  is  positive,  electrons 
will  flow  as  indicated  by  the  solid  arrows.  The  plate  at  B  is  negative  so  it  will  not  con- 
duct during  the  first  alternation.  During  the  second  alternation  the  plate  at  B  is  positive. 
Electrons  will  flow  as  indicated  by  the  arrows  during  the  second  alternation. 

.A  center-tap  transformer  must  be  used  to  produce  full -wave  rectification.  Figure 
43  illustrates  a  center-tap  multicoil  transformer.  The  heater  is  supplied  with  low  volt- 
age.  The  two  plates  and  load  "R"  are  electrically  connected  to  the  center-tap  portion  of 
the  transformer.   The  center-tap  supplies  electrons  to  the  cathode.  The  two  ends 
supply  high  voltage  ac  to  the  plates. 
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Figure  42.  Rectification  in  a  Diode  Vacuum  Tube 
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Figure  43.   Full- Wave  Rectifier  1 

FILTER  CIRCUIT.  Although  the  rectifier  circuits  deliver  an  output  voltage  that 
always  has  the  same  polarity,  this  voltage  is  not  suitable  for  most  dc  electronic  equip- 
ment, because  of  the  pulsations  or  ripples.  These  pulsations  must  be  smoothed  out 
before  this  current       be  applied  to  various  electronic  circuits. 

Figure  44  illustrates  a  typical  filter  circuit   The  filtering  action  of  the  coil  and 
capacitors  depend  on  basic  electrical  principles. 

A  capacitor  opposes  any  change  in  the  voltage  applied  across  its  terminals  storing 
up  energy  when  the  voltage  tends  to  rise  (goes  positive)  and  converts  thig  stored  energy^ 
back  into  current  flow  when  the  voltage  across  im  terminals  tends  to  fail  tgoes  negative). 
Thus,  some  of  the  energy  of  the  rectifier  output  pulsations  is  stored  in  the  electrical 
field  of  the  capacitor  and  the  capacitor  discharges  between  current  pulses.  The  ripple 
in  the  output  is  reduced. 

An  inductor  coil  (choke)  opposes  any  change  in  the  magnitude  of  current  flowing 
through  it  by  storing  energy  in  a  magnetic  field  when  the  current  through  it  tends  to 
increase  and  by  taking  energy  away  from  the  field  to  maintain  current  flow  when,  the 
current  through  the  inductor  tends  to  decrease. 
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Figure  44.   Ful^-Wave  Power  Supply 

VOLTAGE  DIVIDER.   The  voltage  divider  is  a  resistor  connected  across  the  out- 
put terminals  of  the  power  supply.   Its  (unctions  in  the  system  are  as  follows: 

* 

1.  Its  main  purpose  is  to  place  a  minimum  load  across  the  rectifier  during  the 
time  when  the  tubes  are  heating  up  and  not  drawing  any  current.  Without  this 
there  would  be  an  initial  high  voltage  surge  when  the  rectifier  is  turned  on. 

i 

2.  The  rdsistor  discharges  the  capacitors  after  the  rectifier  has  been  turned  off 
and  so  prevents  shocks. 

3.  The  resistor  is  provided  with  taps  for  supplying  voltages  of  different  amounts 
to  various  tube  electrodes  or  electronic  equipment. 

Operation  of  the  Triode  Tube 

In  1907  Lee  Deforest  added  a  third  element  to  a  tube  and  increased  its  application 
hundreds  of  times.  When  the  third  electrode  (grid)  is  placed  between  the  cathode  and 
plate,  the  tube  is  called  a  triode.  Its  ability  to  amplify  tiny  signals  and  its  ability  to 
control  current  flow  of  electrons  has  led  to  many  developments  in  the  world  of  electronics. 
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This  third  electrode  or  grid  will  be  referred  to  as  a  Control  (kid.  It  la  a  mesh  or 
spiral  of  fine  wire  placed  close  to  and  around  the  cathode.  It  is  an  electrode  that  con- 
tains openings,  through  which  "free"  electrons  can  flow.  The  purpose  of  this  grid  is  to 
CONTROL  the  flow  of  electrons  to  the  plate  and  not  to  attract  then*..  The  grid  itself 
does  not  present  an  obstacle  to  the  flow  of  electrons,  but  a  negative  potential  on  the 
grid  has  an  important  controlling  effect  on  the  number  of  electrons  reselling  the  piste. 

Since  the  control  grid  is  physically  closer  to  the  cathode  than  the  plate,  a  very 
small  voltage  change  on  the  grid  will  have  the  same  effect  on  the  plate  as  a  large  change 

in  pis  voltage. 

Methods  of  varying  plate  current,  in  their  order  of  efficiency; 

1.  Grid  potential.    (Varying  the  small  grid  voltage.  ) 

2.  Plate  potential.    (Varying  the  large  plate  voltage.  ) 

3.  Heater  potential.   (Varying  the  small  voltage  to  the  filament.  ) 
Figure  45  illustrates  a  triode  tube  and  its  electrical  symbol. 
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Figure  45.   Triode  Tube 

4 

Grid  Bias.    The  difference  in  potential  or  dc  voltage  between  the  control  grid  and 
the  cathode. 

The  purpose  of  this  grid  bias  is  to  place  the  tube  in  the  desired  operating  condition 
as  determined  by  its  purpose  in  the  circuit 

The  difference  in  potential  will  allow  more  or  less  electrons  to  flow  from  the 
cathode  to  the  plate.   The  more  negative  the  bias,  the  less  electrons  will  flow;  the  more 
positive  the  bias*  the  more  electrons  will  flow. 
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By  varying  the  amount  of  electrons  flowing  through  the  tube,  the  triode  amplifies 
and  controls  current  flow. 

SOLID  STATE  SEMICONDUCTORS 

In  the  next  few  years,  we  in  the  Air  Force  Will  see  great  strides  forward  in  the 
field  .of  solid  state  devices  as  applied  to  refrigeration  and  air-conditioning  control 
systems. 

This  section  of  your  study  guide  will  familiarize  you  with  some  of  the  many  types 
of  solid  state  devices,  their  advantages,  operational  principle*,  and  various  applica- 
tions in  the  control  systems. 

The  advantages  of  solid  state  controls  are  as  follows: 


1. 

Long  life 

2. 

Reliability 

3. 

Speed  of  response 

4. 

Smaller  silt  - 

5. 

Ruggedness 

6. 

Less  heat  generated 

7. 

Reduced  cost  of  operation 

8. 

High  resistance  to  extreme  environmental  changes 

The  term  "solid  state"  is  applied  to  semiconducting  devices,  because  they  are 
"solid.  "  They  are  made  of  crystalline  substances,  so  they  do  not  contain  filaments, 
glass  enclosures,  or  rare  gases,  as  tubes  do. 

Another  term  we  should  define  at  this  time  is  "semiconductor.  "  \ou  know  the 
characteristics  of  conductors  which  readily  allow  current  to  flow  through  them  and 
with  insulators '  which  block  all  current/low.   Semiconductors  however  have  some  of 
the  characteristics  of  both  conductors  and  insulators.  They  do  allow  current  to  flow 
through  them,  but  normally  have  very  high  resistance. 

There  are  Wo  basic  types  of  materials  used  to  construct  solid  state  electronic 
devices.   They  are  germanium  and  silicone.   These  materials  have  a  crystalline  struc 
ture.   They  are  electrically  stable  materials.  That  is.  they  have  as  many  electrons 
as  they  do  protons  within  their  atomic  structure.   Due  to  this  electrical  stability,  they 
are  not  suitable  by  themselves  to  do  the  Job  of  rectifying  and  amplifying. 
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Electrical  Signal*. 


In  their  isrtural  state.  germanium  and  silicon*  have  four  val 
there  are  four  electrons  la  the  outermost  orbit  from  the  nucleus 

46  below. 


e  electros*;  that  is, 
indicated  la  figure 


Figure  46. 

The  atoms  of  silicone  and  germanium  bond  together  to  form  what  is  called  electron 

pair  bonds,  see  figure  47.  , 


Figure  47.   Electron  Pair  Bonding  of  a  Silicone  Atom 

Tbis  bonding  takes  p   :easa  result  of  chemical  instability  within  the  atom.  This 
joining  together  or  bonding  is  also  known  as  "covalent  bonding.  "  When  atoms  bond 
together  in  this  manner,  a  lattice  structure  is  formed. 
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figure  50.    P-Typc  Semiconductor  La  Mice 


In  this  structure,  there  is  an  electron  missing  in  the  lattice.   When  thi 
exists,  we  say  there  is  a  "hole"  in  the  material.   This  condition  causes  the 
balance  of.the  material  to  be  upset.    The  material  now  has  a  positive  churg 
.type  of  material  is  designated  with  a  "Pv  meaning  positive,  see  figure  50A 


When  this  condition 
electrical 
hurge.  This 


CD 


Electrically  unstable  material  with  a  positive  charge. 
Material  has  a  deficiency  of  electrons. 


.  is' 


Figure  50A.    P-Type  Material  Symbol 

The  other  type  material  that  can  be  made  when  an  impurity  with  one  extra  electron 
is  added  to  the  semiconducting  material  is  the  N-Type.  The  impurity  added  is  called  a 
"donor,"  because  it  gives  or  donates  <>oc  electron  to  the  lattice  structure.  The  type 
material  that  is  formed  is  called  "N"  meaning  negative.  The  lattice  structure  that  i 
formed  from,  this  combination  is  illustrated  by  figure  51. 

•  ±  « 


DONOR  ATOM 


IS 


Figure  51.    N-Type  Material  Lattice 

This  type  material  then  has  a  negative  charge.  The  symbol  for  this  type  material 
is  shown  in  figure  51A. 

I  n  I     Electrically  unstable  material  with  a  negative  charge. 
'■■ ■— '     Material  has  an  excess  of  electrons. 


Figure  51A.    N-Type  Material  Symbol 
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Now  that  you  know  what  *P*raod  MN*'  type  semiconducting  material  is.  We  can 
proceed  to  a  discussion  of  the  simplest  of  all  semiconducting  devices,  the  junction  diode. 

JUNCTION  DIODE 

«2The  junction  diode  consists  of  two  dissimilar  blocks  of  semiconducting  material 
joined  together  with  wire  leads  attached,  see  figure  52. 

WheA  molten  dissimilar  semi- 
conducting materials  are  joined  together 
in  this  manner,  a  junction  is  formod 
where  the  two  types  of  material  come 
together.    The  reaction  that  occurs 
when  these  materials  are  joined  is 
what  makes  them  usable  in  electronic 
circuits. 
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Figure  52.    Junction  Diode 

One  would  think  that  when  a  piece  of  positively  charged  material  and  a  piece  of 
nei?atively  charged  material  are  brought  together  in  this  manner  that  their  charges 
would  neutralize.    This  is  not  the  case,  however,  at  the  junction  some  of  these  posi- 
tively charged  atoms  do  take  the  extra  electron  from  the  negatively  charged  atoms. 
When  this  happens  the  atoms  involved  do  become  electrically  neutral.   When  this 
takes  place  the  neutral  atoms  tend  to  remain  at  the  junction.   As  a  result  a  neutral 
barneV  or  depletion  region  is  formed  at  the  junction,  which  prevents  further  combining 
taking  place,  see  figure  53. 


DEPLETION  REGION 


Figure  53.    Junction  Diodte  Depletion  Region 

As  a  result  of  the  depletion  region  forming  within  the  crystal  a  peculiar  phenomenon 
takes  place  when  an  external  source  of  electrical  energy  is  attached  to  the  wire  leads. 
The  external  source  of  energy  is  called  biasing. 
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When  a  battery  is  connected  as  shown  in  figure  54,  no  current  will  (low  across  the 
junction.  DCPUTKM  REGION  M 
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Figure  54.'   Junction  Diode  Reverse  Bias* 

The  lack  of  current  flow  in  figure  54  is  due  to  the  fact  that  the  negative  terminal  of 
the  batterv  attracts  the  positive  ions  from  the  P-type  material  and  the  positive  terminal 
attracts  the  negative  ions  of  the  W-type  material  toward  its  battery  terminal.  Thrs 
causes  the  neutral  or  depletion  region  to  grow  larger.    Thus,  no  current  can  flow  due 
to  the  increase  in  sue  i  the  depletion  region. 

If,  howovei .  we  connect  the  battery  as  shown  in'figure  55.  current  will  flow. 

n       DEPLETION  REGION  u 
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Figure  55.    Junction  Diode  Forward  Bias 

The  flow  of  current  is  due  to  the  positive  terminal  repelling  the  positive  ions  in 
the  P-type  material  toward  the  junction  and  the  negative  terminal  repelling  the  negative 
ions  in  the  N-type  material  toward  the  junction.   This  causes  the  depletion  region  to 
become  very  small.   When  the  depletion  region  becomes  small,  the  negative  ions  will 
again  start  to  combine  with  the  positive  ions.   When  this  happens,  electrons  will  flow 
from  the  N-type  material  into  the  P-type  material  and  on  to  the  positive  terminal  of  the 
battery.    Thus  when  it  is  forward  biased,  we  have  a  current  flow  from  negative  to  posi- 
tive through  the  junction  diode. 
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The  lead  attached  to  the  P-type  material  is  called  the  collector  and  the  lead  attached 
to  the  N-type  material  is  called  the  emitter,  see  figure  56. 


T 


COLLECTOR 


T 


EMITTER 


Figure  56.    Junction  Diode 
iiu«.l  lor  the  )unction  diode  is  shown  in  figure  57. 


TYPE  MATERIAL 


CURRENT  FLOW 


T    -Ul «  )0 


Fi.-urt-  57.    junction  Diode  Symbol 

.,  r>,       uM   i |ie  junction  dioae  will  ..niv  allow  current  to  flow  in  une 
(!        4  .cuum  tube  aiode  ernes  the  same  thinti.    They  are  used  to 
: .  i  my  !iu  lUcrnatinii  current 

liustrates  ihe  use  of  the  solid  state  diode  as  a  rectifier. 
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Fmmre  58.    Full-Wave  Rectifier  wilh  Filter 

Thcfcolid  state  diude  like  the  vacuum  dn>de  cannot  amplify.    As  you  recall,  we  had 
h.  add  a  third  electrode  to  the  diode  tube  called  the  grid,  before  it  could  be  used  as  an 
amplifier     The  same  is  true  with  the  solid  state  diode.   We  must  add  a  third  element 
called  the  base  before rre  can  use  the  device  as  an  amplifier. 

SOLID  STATE  TRIODES 

The  solid  state  tnode  or  transistor,  as  it  is  called,  can  be  found  in  two  basic  types. 
These  are  (he  NPN  and  PNP  types.    Refer  to  figure  59  for  a  block  diagram  and  symbol 

1 .  v  these  tr.ins«sl.»rs. 
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Figure  59.   7.*ansistor  Symbols 


To  identify  a  PNP  or  NPN  transistor  you  uust  look  at  the  direction  the  arrow  is 
pointing  on  the  symbol.    The  PNP  transistor  hi  s  the  arrow  pointing  toward  the  base, 
while  the  NPN  arrow  points  away  from  the  base.    This  is  the  only  method  of  identifying 
them  on  a  schematic.    The  majority  of  the  current  flow  through  a  transistor  is  from 
the  collector  to  the  emitter,  or  emitter  to  the  collector  and  is  opposite  tc  the  direction 
indicated  by  the  "arrow: 

As  with  tubes,  transistors  must  be  biased  properly  before  they  will  operate. 
Figure  60  illustrates  the  basic  method  of  biasing  a  common  emitter  circuit  for  both  an 
NPN  and  PNP  transistor. 


Figure  60.    Proper  Bias  of  the  Grounded  Emitter  Amplifier 

This  method  d  connecting  a  transisor  into  a  circuit  is  the  one  most  commonly 
used.    It  also  has  the  highest  power  gain  of  any  transistor  circuit.    There  are  two 
other  basic  methods  of  connecting  transistors,  they  are,  the  grounded  base  and  grounded 
collector  circuits.  ^ 

Transistors  perform  the  same  tasks  as  tubes  in  the  electronic  circuit,  but  they  do 
the  job  much  better. 
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SUMMARY  ^ 

In  general,  solid  state  devices  have  many  advantages  over  tubes.    Solid  state  devices 
are  neither  conductors  or  insulators.   They  are  semiconductors,  because  they  display 
some  of  the  characteristics  of  both.  Semiconductors  are  made  by  doping  a  germanium 
or  silicone  crystal  with  an  impurity  which  makes  them  either  positively  or  negatively 
charged,    "he  two  basic  types  of  material  derived  from  this  process  are  called  N-  or 
P-type  mi  rial. 

By  combining  these  two  basic  types  of  material  in  various  ways,  solid  state  recti- 
fiers and  amplifiers  are  made. 


BASIC  ELECTRICAL  CONTROL  CIRCUIT 
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j  Figure  61.    ?asic  Electronic  Control  Circuit 

„.ttB   amnlifier   reeulatorv  elements  and  th< 


Sensing  Elements 

The  sensing  element  of  an  electronic 
thermostat  is  a  coil  of  fine  wire  wound 
o„  bobbin,  figure  62.   The  type  of  wire 
most  often  used  is  Balco.  Resistance 
of  this  type  of  wire  varies  directly  with 
SmperaSe  and  at  74°F  it  wUl  have 
ioTo?m.  resistance.   A  temperature 
change  of  1°F  changes  the  resistance  by 
2.  2  ohms. 

The  seeing  element  of  the  humidity 
controller  is  a  Gold  Leaf  Grid  embossed 
on  a  plastic  base  and  covered  with  a 
special  salt  (lithium  chloride).    Figure  63 
illustrates  a  typical  humidity 
You  will  note  that  the  gold  foil  forms  »o 
grtfs    The  salt  forms  a  conductive  path 
Ktween  these  grids.   The  electrical 
resistance  in  this  circuit  measured  in 
thousandths  of  an  ohm  changes  as  the 
chemical  film  absorbs  or  releases  mens 
ture  with  each  change  in  relative  humidity 
of  the  surrounding  air. 


Figure  62.  Sensing  Element  of  an 
Electronic  Space  Thermostat 


Figure  63.  Sensing  Element  of  a 
Space  Humidity  Controller 
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Bridge  Circuits 

The  brain  of  most  electronic  controls  is  a  modified  Wheatstone  bridge.  To  under- 
stand the  bridge  circuit  we  will  review  the  operation  of  a  variable  resistor  (potentiom- 
eter) first. 
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Figure  64  shows  two  resistors 
connected  in  parallel  with  their  wipers 
to  a  voltmeter.  Since  the  two 
axe  connected  in  parallel,  the 
ilied  by  the  battery  is  equally 
along  "each  of  the  two  pots. 
l,inatlon  of  pots  is  called  a 
bridge.   Notice  that  ea  h  wiper  is  at  a 
positive  potential  with  respect  to  point  C 
of  6  volts  and  consequently  the  voltmeter 
indication  is  qero  volts.   Since  no  current 
flows  between  the  wipers,  the  bridge  is 

said  to  be  balanced.  If  wiper  A  is  moved  to  the  center  of  the  top  pot,  figure  W,  it 
would  take  off  12  volts;  however,  wiper  B  is  taking  off  6  volts  and  the  meter  would 
read  ♦*  /olts  (the  difference  between  6  and  12).  Electrons  would  flow  from  B  (negative) 
through  the  meter  to  A  (positive  in  respect  to  B).  The  meter  would  be  deflected  to  the 
right  6V  so  we  can  say  th»  bridge  is  unbalanced  to  the  right  Moving  wiper  B  toward 
the  positive  pojlential  and  A  toward  negative  will  cause  the  bridge  to  unbalance  to  the 
left  because  current  would  flow  from  A  to  B  deflecting  the  meter  to  the  left.  This  is 
demonstrated  in  figure  85b. .  ^ 


Figure  64.   Simple  Bridge 
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Figure  65 
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.  Figure  66  shows  a  Wheatstone  bridge.  The  basic  operation  is  the  same  as  the 
common  bridge  shown  in  figure  65  but  it  uses  only  one  variable  resistor. 


I  i||  1  I  1 

24V  24  V 

A  B 
Figure  66.   Wheatstone  Bridge 

The  variable  resistor  has  a  higher  resistance  value  than  the  three  fixed  resistors. 
When  the  variable  resistor  is  centered,  it  has  the  same  value  as  the  fixed  resistors  and 
the  bridge  is  in  balance  for  no  voltage  is  indicated  by  the  meter.    Each  resistor  drops 
12V.    Figure  66A  shows  R4  unbalanced  to  the  left.   Due  to  its  higher  resistance  it  now 
drops  18  of  the  applied  volts  and  the  remaining  6V  are  dropped  by  Rj.   The  difference 
be  twee n  6  and  12  or  12  and  18  is  across  the  meter  (6V).   Since  current  flows  from 
negative  to  positive,  the  flow  through  the  meter  is  toward  the  top  of  the  page.  Figure 
66B  shows  R4  unbalanced  to  the  right.   This  drops  its  value,  causing  most  of  the  applied 
voltage  to  be  dropped  across  Rj  (18V).   The  difference  between  12  and  18  (6V)  is  across 
the  meter  but  in  this  case  flowing  toward  the  bottom  of  the  page  (-  tQ  +). 


The  Wheatstone  bridge  can  be  used  on  ac  or  dc  but  if  ac  is  used,  it  requires  a  phase 
detector  discussed  later  in  this  guide. 

The  ac  Wheatstone  bridge  is  used  with  most  electronic  controls.   Note  that  in 
figure  67,  the  dc  power  source  has  been  replaced  with  a  transformer  and  the  voltmeter 
has  been  replaced  u  th  an  amplifier.   The  amplifier  simply  builds  up  the  small  signal 
from  the  bridge  to  operate  a  relay. 

T.  (thermostat)  now  takes  the  place  of  R3.   The  sensing  element  is  a  piece  of  Balco 
wire  that  changes  in  value  as  the  temperature  changes.  An  increase  in  temperature 
will  cause  a  proportional  increase  in  resistance.  As  you  will  note  in  figure  67,  at  set 
point  of  74°F,  the  bridge  is  in  balance.   The  voltage  at  points  C  and  D  is  the  same 
(7.  5V),  and  the  amplifier  will  keep  the  final  control  element  in  its  present  position 
until  we  have  a  temperature  change.   Now  let's  assume  the  control  point  changes. 

When  the  temperature  at  Tj  is  lower  than  set  point,  its  resistance  is  less  than 
1 , 000  ohms.   This  causes  more  than  7.5  volts  to  be  dropped  by  R2    This  means  that 
point  C  has  a  higher  voltage  than  point  D.   The  amplifier  will  then  take  the  necessary 

action  to  correct  the  control  point. 
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Figure  67.   AG  Wheatstone  Bridge 

When  the  temperature  at  Ti  is  higher  than  set  point,  its  resistance  is  more  fhaUj 
1 , 000  ohms,  causing  less  than  *.  5  volts  to  be  dropped  across  R2-   This  means  that 
point  C  has  a  lower  voltage  than  point  D.   The  amplifier  will  once  again  take  the  neces- 
sary corrective  acuon. 

The' resistance  of  Ti  changes  2. 1  ohms  for  each  degree  of  temperature  change. 
This  will  cause  only  .  0085  volt  change  between  points  C  and  D.   For  this  reason,  to 
check  the  bridge  circuit,  one  will  have  to  use  an  electronic  meter  usually  called  a 
VTVM  for  vacuum  tube  voltmeter.    The  vacuum  tube  voltmeter  will  usually  have  an 
ohms  scale,  as  well  as  ac  and  dc  voltage  scales. 

Discriminator  Circuit 

See  figure  68  for  a  typical  discriminator  (phase  detector)  circuit.   The  bridge 
originates  the  signal  voltage,  the  amplifier  increases  the  strength  of  this  voltage  and 
the  discriminator  discriminates  this  signal.   That  is,  it  prepares  the  power  to  the 
motor  in  such  a  way  that  it  will  cause  the  shaft  to  rotate  in  the  right  direction  to  cor- 
rect the  condition,  which  caused  the  signal  to  be  introduced  into  the  bridge. 
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Figure  68.   Schematic  of  Bridge,  Amplifier, 
and  Discriminator  (Phase  Detector)  Circuit 

For  the  sake  of  simplicity,  many  of  the  resistors  and  condensers  are  not  shown 
in  these  diagrams. 

The  conditions  when  the  discriminator  tubes  will  conduct  are 

1.  When  plate  is  positive. 

2.  When  signal  on  grid  is  positive.   That  is,  on  the  positive  alternation. 


Figure  69.    Tube  A  Conducts 


Figure  70.    Neither  Tube  Conducts 


On  the  other  alternation  of  this  cycle,  see  figure  70.  Tube  "B"  has  a  positive  plate, 
but  since  the  signal  is  on  the  negative  alternation,  neither  tube  can  conduct. 
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With  bridge  unbalanced  to  the  right,  the  only  tub*  which  wUl  conduct  la  tube  A. 

Now  going  to  figure  7 IB,  the  brldg*  i  s  unbalanced  to  the  loft,  and  the  negative  alter- 
nation of  eigne!  le  applied  to  the  gride  of  ihe  discriminator  tubes  so  neither  tube  can 

conduct 

*  On  the  next  alternation,  with  bridge  still  unbalanced  to  the  left,  eee  figure  71  A, 
tube  B  meets  the  conditions  neceesary  eo  i :  will  conduct.  Tube  A  has  a  negative  plate 

and  cannot  conduct. 


Figure  71A.    Tube  B  Conducts 


Figure  71 B.  Neither  Tube  Conducts 


With  the  bridge  unbalanced  to  right,  one  tube  conducts,  and  with  the  bridge 
unbalanced  to  the  left,  the  other  tube  conducts. 


Figure  12  shows  the  phase  relations 
of  the  line  voltage,  the  voltage  applied 
o  tube  A  and  the  voltage  applied  to  tube  B. 
rhe  line  voltage  will  be  used  as  reference 
voltage.   Voltage  applied  to  tube  A  is  180 
degrees  out  of  phase  with  line  voltage. 
Voltage  applied  to^ube  B  is  in  phase  with 
line  voltage,  see  figures  68  ,  69  ,  70,  and 
71. 


LINE 
VOLTAGE 


TIME  A' 
VOLTAGE 


TUBE  8 
VOLTAGE 


Figure  i%.   Voltage  Phase  Relations 
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Modulation  Control 


^u^L^^^L^^:  /igUf#  73 '  a  *******  «otor  is  used  with  a  balancing- 
potentiometer.   The  balancing  potentiometer  la  wired  in  series  with  the  theTm^t 
resistor.  Its  purpose  is  to  bring  the  bridge  back  into  bait™  when  a X5ST£« 
Assum  ng  a  rise  in  temperature  at  T,  and  tr.e  polarity  as  shVwn  b ^solW  «vm^ 

control  grids  of  both  are  negative  beyond  eu  toff  bias.   During  the  next  aJter^^n 
jotted  symboU.-  -)  when  the  signal  is  positive,  c«  wi™ ilSfrge a55 ^reuj  a  wlu  ener- 
gize, causing  the  motor  to  run  counterclockwise    TW«  mny..  ti.  „       y.  *  '  ,  r 
ing  potentiometer  to  the  right,  adding  resTs  U^e  t^£7Z&^££X^' 
Ti  until  no  signal  is  applied  to  the  amplifier.   Cutoff  bias  is  rTached  on  tta ^SfirL 
grids  of  the  discriminators',  capacitor  C5  discharges,  relay  2  deener^ls  and  thi 
motor  stops  in  its  new  position.  '    ueenergues,  and  the 

r,„  FlFV?f  9hCZl  a  decreMe  iri  temperatmre  at  T,  causes  a  180  degree  phase  shift 
rom  the  bridge.    This  piaoes  the  grid  of  discriminator  tube  No.  1  poJmve  at  the  sale 

on™  a1a?nebalaS;edRelay  '  m0t0r  ™*  ^^^*VSf£* 

t 

For  control  of  relative  humidity  the  thermostat  is  replaced^  a  gold  leaf  humidi- 
*tat.   The  principle  of  operation  is  the  same;  however,  one  mus^rem^mber Iha^n- 
creasing  the  moisture  on  a  gold  leaf  causes  the  resistance  to  decrease 

— I.*?!!!! ^7  tUb6S  COnduct  on  olUy  one  *"ernation  of  each  cycle,  a  panel 
switoh  coil  Jill  receive  power  to  operate  on  only  one  alternation.   Enough  magnum 
is  developed,  however,  to  maintain  the  contacts  in  a  closed  positaJft^o^ 

Figure  75  shows  a  parfial  wiring  diagram  of  an  electronic  humidity  control  When 
he  space  humidity  increases  to  51  percent,  the  bridge  is  unbaW I  to 'the ri*ht  aL 
al6  tothfmotor.  ^  ^  °B  **  closes.  ^eVis^atail- 

limii0™^  fro?Jh<  "V  l™f 0rmer  flow»  throu«h  the  Wr  and  through  the 

.!T  °i   8601111,16  current  lead«  v<>lta«e  in  a  capacitive  circuit  and  ac  apparently 
goes  through  capacitors,  current  will  follow  the  arrows  as  indicated  in  figure  75 

♦1.°"  i\?ext1altf™tion  when  tne  transformer  polarity  reverses,  current  will  again 
fh  UB^f      ciockwifle  •«*«■  ^«*ing..  Whenever  the  upper  switch  is  close?  thaUs 
when  tube  A  conducts,  the  motor  wUl  rotate  clockwise,  this  closes  a  steam  hum idSvini 
valve  and  at  the  same  time  balances  the  bridge  in  a  new  position.   By  cSSouZ  the 
steam  valve  in  this  manner,  the  space  humidity  can  be  maintained  near  the  set  £>int. 

t^V!^^^  i;tmbalanced  *>.Uie  Ieft«  tnat.is,  wheiythe  humidity  decreases, 
tube  B  conducts  ^nd  starts  current  flow  through  the  counterclockwise  stator  windings 
opening  the  steam  humidifying  valve.  winnings, 

Temperature  and  pressure  may  be  controlled  electronically  by  substituting  temDer- 
ature  or  pressure  sensing  elements  for  the  gold  leaf  sensing  element. 
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*  Figure  73A.   Modulating  Control 
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Figure  73B>    Modulating  Electronic  Control  Using  Transistors 
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Figure  75.   Electronic  Humidity  Control  with  Simplified  Wiring  Diagram 

56 


5& 


9 

ERJC 


SUMMARY 

When  an  alternate  current  bridge  is  unbalanced  to  ther  jght  and ' 
signal,  it  will,  if  unbalanced  to  the  left,  give  a  negative  signal.   If  the  ^™ff^id«* 
to  the  right  produces  a  voltage  which  is  in  phase  with  the  line  voltage,  then  the  unbal- 
anced bridge  to  the  left  will  produce  a  voltage  which  is  180  degrees  out  of  phase  with 
the  line  voltage. 

The  discriminator  circuit  is  capable  of  determining  the  direction  in  which  the 
bridge  is  unbalanced.    It  can.  therefore,  prepare  switching  which  will causea  valve or 
damper  to  operate  in  a  direction  which  will  correct  the  condition  which  caused  the  bridge 
to  be  unbalanced. 

Discriminator  tubes  will  conduct  only  when  the  plate  is  positive  and  when  the  signal 

on  the  grid  is  positive. 

Humidity,  temperature,  and  pressure  may  be  controlled  electronically  through  the 
use  of  the  bridge  and  discriminator  circuits. 

QUESTIONS 

1.     What  is  thermionic  emission? 


2.     How  can  electron  flow  be  increased  in  the  diode  tube? 


3.     The  diode  tube  has  how  many  elements  ? 


4.    What  type  of  transformer  is  used  for  full-wave  rectification? 
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5.     What  are  two  components  of  the  filter  circuit'/ 


6.     What  are  the  internal  components  of  a  diode  tube? 


7,     Define  the  term  "semiconductor/' 


8.     What  is  a  P-type  semiconductor  material? 


9.     What  is  an  N~type  semiconductor  material  ? 


10.     What  are  the  two  elements  of  the  solid  state  diode  ? 


U.    What  are  the  three  elements  of  a  transistor? 
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12.    Why  are  impurities  added  to  pure  semiconductor  material? 


13.    If  the  control  grid  in  the  trtode  tube  is  made  more  negative,  what  is  the  result? 


14     As  relative  humidity  goes  up,  what  happens  to  the  resistance  ol  the  gold  leaf  grid 


15.    As  the  temperature  goes  up,  what  happens  to  the  resistance  of  the  Balco  wire 

thermostat  ? 


16.    Will  current  flow  through  a  balanced  electronic  bridge? 


17      What  is  the  purpose  of  the  amplifier  tubes? 


18.     When  will  a  discriminator  tube  conduct? 
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19.    What  is  the  purpose  of  the  discriminator  tube  in  the  phase  detector  circuit  ? 


20.    What  adjustment  is  used  in  the  electronic  control  loop  to  center  the  motor? 
REFERENCES 

1.  AFM  52-7,  Elementary  Electricity 

2.  AFM  52-8,  Electronic  Circuit  Analysis 

3.  Minneapolis- Honeywell  Electric  and  Electronic  Controls  Manual 

4.  Electricity  One- Seven,  Harry  Mi  leaf 
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TROUBLESHOOTING  ELECTRICAL  CONTROLS 

OBJECTIVE 

This  project  will  develop  your  skill  in  using  an  ohmroeter  to  locate  shorts  and  opens 

in  an  electrical  control  circuit. 

PROCEDURE 

NOTE:  Very  often  an  electrical  control  circuit  will  be  very  long 

and  the  wires  may  be  located  inside  of  a  conduit.   In  trouble- 
shooting these,  you  must  find  the  malfunction  by  checking  \ 
at  the  outlet  boxes  only. 

1.  Use  an  ohmmeter  and  check  each  wire. 

2.  Record  the  trouble  fc;;nd  in  the  space  provided. 

3.  Turn  all  switches  to  t'.e  OFF  or  ON  position  before  troubleshooting. 

OFF  ON 

a.   _____  a-  

b.   ,   b.  

c.  *   .  c.   

d.   d.   ,  

e.   e.   

4.  Return  all  equipment  to  its  proper  place. 

Checked  by  _^  

(Instructor) 
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TROUBLESHOOTING  ELECTRICAL  CONTROLS 

OBJECTIVE 

This  project  will  develop  your  skill  in  using  ah  ohmmeter  to  locate  shorts  and  opens 
in  an  electrical  control  circuit. 

PROCEDURE 

NOTE:  Very  often  an  electrical  control  circuit  will  be  very  long 

and  the  wires  may  be  located  inside  of  a  conduit.   In  trouble- 
shooting these,  you  must  find  the  malfunction  by  checking 
at  the  outlet  boxes  only. 

1.  Use  an  ohmmeter  and  check  each  wire. 

2.  Record  the  trouble  found  in  the  space  provided. 

3.  Turn  all  switches  to  the  OFF  pr  ON  position  before  troubleshooting. 

OFF  ON 

a.   a.  ,  

b.    b.  

c.  c.  


d. 


4.    Return  all  equipment  to  its  proper  place. 


Checked  by   j  

(Instructor) 
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July  1975 


OPERATION  AND  ADJUSTMENT  OF  SE^IES-20  CONTROLS 

OBJECTIVE 

The  purpose  d  this  exercise  is  to  assist  you  in  learning  to  connect,  adjust,  and  operate 
a  two-position  electrical  control  circuit. 

Connecting  a  Two- Position  Electrical  Control  Circuit 

1.    Connect  the  3-wire  signal  and  power  circuit  and  indicate  the  switch  movement 
on  a  rise  in  variable  in  figure  1.  * 


0« 

0 

0w 

M  r0RtZE0  VALVE 


MERCURY  SWITCH 
CONTROLLER 


4 


Figure  1.     Control  Circuit 

CAUTION:  Remove  your  jewelry,  observe  safety  precautions, 
and  keep  hands  off  hot  terminals.  s 

2.  Stcure  the  following  equipment: 

a.  Stepdown  transformer,  110V  to  24V. 

b.  Radiator  valve. 

c.  S»ries-20  two-position  electrical  controller. 

d.  Wire 

3.  Connect  the  wires  as  indicated  in  your  drawing,  figure  l. 

4.  Have  the  instructor  check  your  wiring. 
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Operation  and  Adjustment  of  t£o- Position  Electrical  Controls  • 

1.  Connect  transformer  to  source  of  power. 

2.  Move  controller  set  point  to  loweat  point.  * 

3.  Turn  thermostat  up. 

a.  *  This  simulates  a  room  that  is  cold  and  calling  for  steam. 

b.  What  is  the  action  of  the  two-position  control?  ' 


4.     Turn  thermostat  down. 

a.  This  simulates  a  wa/m  room  in  which  steam  is  no  longer  needed. 

b.  What  is  the  actici/of  the  two-position  control? 


5,    Adjue*.  the  setjpoitit  to  the  desired  condition, 
a.    What  deterzt/ines  the  desired  condition? 


b.    What  advantage  does  the  series-20  have  over  a  snap-action  type  valv^? 


c.    What  is  the  differential  of  this  controller? 


6.  Have  the  instructor  check  your  work. 

7.  Disconnect  all  equipment  and  return  it  to  its  proper  place. 


Checked  by 


(Instructor) 
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July  1975 


OPERATION  AND  ADJUSTMENT  OF  SERIES- 40  AND  SERIES-80  CONTROL  LOOPS 
OBJECTIVE 

Each  of  you  will  fire,  adjust,  operate,  and  troubleshoot  a  series-40  or  series-80 
two-position  control  loop. 

Connecting  the  Two- Position  Electrical  Control  Circuit 
1.    Draw  lines  to  indicate  proper  wiring,  see  figure  2. 


2. 
3 


5. 
6. 


SOURCE  Of  POWER 

Figure  2.     Control  Circuit 

The  series-40  control  circuit  is  supplied  with  , 

The  series-80  control  circuit  is  supplied  with   


SCRIES  40 

op 

SERIES  SO 
MOTOR 


volts, 
volts, 


and  therefore  must  use  a 


to  reduce  the  power  supply. 


CAUTION:  Remove  your  jewelry,  observe  safety  precautions, 
and  keep  hands  off  hot  terminals. 

Secure  the  following  equipment: 

a.  Stepdown  transformer  (for  series-80  control  loops) 

b.  Series-40  or  ser*ies-80  motor 

c.  Two -position  pressure  trol  ^ 

d.  Wire 

Connect  the  wires  as  indicated  in  your  drawing,  figure  2. 
Have  the  instructor  check  your  wiring. 
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Operation  and  Adjustment 

1.    Calibration  of  the  pressuretrol. 

a     Apply  set  point  pressure* 

b     Set  differential  to  minimum 

e.     Level  controller 

d.  Adjust  cut-in  and  cut-out. 

e,  ?\dju$t  scale  plate,  if  necessary. 

2  Lncrease  the  pressure  above  tl\e  cut-in  setting 

3  Explain  the  reaction  of  the  control  loop: 


4     Decrease  the  pressure  below  cut-out. 
t5      Explain  the  reaction  of  the  control  loop; 


6.  While  the  motor  is  running,  disconnect  the  source  erf  power. 
7       Explain  the  /eaction  of  the  control  loop: 


8      When  is  the  brake  solenoid  energized? 


9     What  is  tHe  purpose  of  the  brake  solenoid?  

10.     X  the  braXe  solenoid  develops  an  open,  how  would  the  motor  react? 
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11.    What  is  the  full  power  stroke  of  this  control  loop? 


12.     Disconnect  all  equipment  and  return  it  to  its  proper  place. 

Checked  by 


(Instructor) 
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July  1975 


OPERATION  AND  ADJUSTMENT  OF  SERIES-60  CONTROL  LOOP 


OBJECTIVE 


The  purpose  of  this  exercise  is  tn  de  elop  your  skills  in  connecting,  adjusting,  and 

operating  the  series'- 60  controls 

Connecting  the  Floating  Electrical  Control  Circuit, 
l:     Draw  lines  to  militate  proper  wiring,  figure  3. 


0= 


4* 


TMNSfOtMEl 


SEIIES  60  MTM 


R0ATIKC  C0KTI0LUI 


3 

4. 


Figure  3.  .  Control  Circuit 

CAUTION    Remove  ail  jewelry,  observe  safety  precautions, 
and  keep  hands  off  hot  terminals. 

Secure  the  following  equipment: 

a,     Stepdown  transformer 

b      Series-60  motor 

c.  Coiuptfller 

c.  ■ 

d.  Wire 

4 

C> mnect  the  wires  as  indicated  in  your  drawing,  figure  3. 
Have  the  instructor  check  your  wiring. 
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Operation  and  Adjustment 

1.  Adjust  the  controller  to  indicate  a  decrease  in  variable 

2.  What  is  the  reaction  of  the  motor  ?  


3.  Adjust  the  controller  to  indicate  an  increase  in  variable, 

4.  What  is  the  reaction  afahe  motor  ?   


5.    What  is  the  purpose  of  the  limit  switches? 


6.     Explain  the  term  'floating"  as  it  ,  pphes  to  the  series-60  control  loop. 


7.  Disconnect  the  source  of  power. 

3.  Disconnect  the  white  wire* 

9.  Adjust  the  controller  to  indicate  a  variable  decrease. 

10  Connect  the  control  loop  to  the  source  of  power. 

11  What  is  the  reaction  erf  the  motor ''  Explain.   


12.     Disconnect  all  equipment  and  return  it  to  its  proper  place. 

Checked  by  

(Instructor ) 
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WB  3ABR54530-VTI-4-P5 
July  1975 

OPERATION.  ADJUSTMENT.  AND  TROUBLESHOOTING  OF  SERIES -90  CONTROLS 
OBJECTIVE 

The  purpose  of  this  exercise  is  to  develop  your  skills  in  connecting,  adjusting,  and 
troubleshooting  senes-90  controls. 


Connecting  the  Series-90  Electrical  Control  Circuit 
1.     Draw  lines  to  indicate  proper  wiring,  figure  4. 


•  0 

R  © 

CONTROLLER  0 

OAMPCft  MOTOR 


120  VOLTS 


<S>  

Fitrure  4.     Control  Circuit 

CAUTION:  Remove  all  jewelry,  observe  safety  precations, 
and  keep  hands  (iff  hot  terminals, 

2.  Secure  the  following  equipment: 
a.     Stepdown  transformer 

b      Senes-90  motor 

c.     Series-90  controller 

J.  Wire 

3,  Connect  the  wires  a3  indicated  in  your  drawing,  figure  4. 
4      Have  (he  instructor  check  vour  wiring. 
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Operation  and  Adjustment  i 

1.  Calibrating  the  series-90  pressuretrol 

a.  Apply  set  point  pressure 

b.  Set  differential  to  minimum 

c.  Center  wiper  arm-    (Use  ohmmeter;  all  wires  must  be  disconnected,  ) 

d.  Check  scale  plate;  it  should  read  set  point  pressure    Adjust  if  necessary. 

e.  Set  differential  if  desired. 

2.  What  will  cause  the  circuit  to  become  unbalanced? 


3.  Will  current  flow  when  the  bridge  is  balanced?  

4.  Connect  source  of  power. 

5.  Decrease  the  measured  variable  at  the  controller. 

6.  Does  the  motor  turn  clockwise  or  counterclockwise  (from  terminal  end)? 
Troubleshooting 

1.  Increase  the  measured  variable  at  the  controller  to  position  signal  wiper  arm  at  the 
midposition  of  the  potentiometer. 

2.  Allow  the  motor  time  to  rotate  to  a  balanced  position. 

3.  Disconnect  the  blue  wire  from  the  controller. 

4.  Turn  the  adjustment  screw  on  the  controller  moving  the  wiperxtn™  to  the  left. 
What  is  the  reaction  of  the  motor?  ^ 


5.     Turn  the  adjustment  screw  on  the  controller  moving  the  wiper  arm  to  the  extreme 
right.   What  is  the  reaction  of  the  motor? 


6.  Connect  the  blue  wire. 

7.  Center  wiper  arm  once  again  by  turning  the  adjustment  screw. 


»*.    Allow  (he  motor  time  to  rotate  to  a  balanced  position. 

9.  Place  a  small  piece  of  paper  (this  will  simulate  a  dirty  wiper  arm)  between 
wiper  arm  and  signal  potentiometer. 

10.  Increase  toe  measured  variable.  What  is  the  reaction  of  the  motor? 

«   j  —  m   — 

11.  Disconnect  all  wires  and  return  equipment  to  its  proper  place. 

12.  What  effects  will  low  voltage  have  on  the  control  loop?  k 


How  would  you  determine  if  the  voltage  was  low?   

Whv           h-ippnn  «*  thp  capacitor  was  bad?  _   

What  effect  would  an  open  in  the  red  lead  have  on  the  control  loop?   _ 

Checked  by  

(Instructor) 
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IDENTIFICATION  AND  PURPOSE  OF  CONVENTIONAL  AND  SOLID  STATE  DEVICES 
OBJECTIVE 

This  project  will  aid  you  in  learning  how  to  identify  the  various  components  of  conven- 
tional and  solid  state  electronic  control  circuits.   This  project  will  aid  you  in  learning 
the  purpose  and  function  of  these  various  components  that  are  used  in  refrigeration  and 
air-conditioning  controls. 

1.     Identify  the  following  items  and  state  the  purpose  of  each  item  in  an  electronic 
circuit. 


a. 


115 

AC.  o 


Name: 


Purpose : 


b. 


c 


Name: 
Purpose : 


Name: 
Purpose: 
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Nfcrae: 


Name:  _ 
Purpose: 


Name: 
Purpose: 


Cl 

C2 

Name: 
Purpose: 
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Name: 
Purpose: 


Name: 
Purpose; 


Name: 
Purpose : 
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Name: 
Purpose: 


Name: 


Purpose: 
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2.    Schematically  connect  the  following  components  to  form  a  complete  circuit. 

a   .  :  = — o 


APPLEO 


3' 


B 


A.C. 


— C 


+ 

Figure  5. 

3.  With  arrows,  show  the  direction  of  current  flow  in  this  circuit, 

4.  Draw  the  waveform  of  the  current  passing  through  component  C: 


5. 


This  is  known  as  a 


circuit. 


6.    Schematically  connect  the  following  components  to  form  a  complete  circuit. 

A,  ,  O 


B 

-»«- 


APPLCO 


Figure  6. 

7     With  arrows,  show  the  direction  of  current  flow  in  this  circuit. 
8.     Draw  *l  e  waveform  of  the  current  passing  through  component  C: 


9.     Component  B  is  a 


15 
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10.    Schematically  connect  the  following  components  to  form  a  complete  circuit: 

A  /  0 


APPUEO 


O- 


II5V 
A.C. 


x  o 

 0 

8 

R. 


Figure  7. 

11.  With  arrows,  show  the  direction  of  current  flow  *r.  *his  circuit. 

12.  Draw  the  waveform  of  the  current  passing  through  component  B; 


13.     This  is  known  as  a 


14.    Identify  the  components:  A. 

B. 
C. 


15.    Answer  the  following  questions. 

a.    What  is  the  purpose  erf  the  duodiode  vacuum  tube? 


circuit. 


b.    What  is  the  purpose  at  the  bleeder  resistor  or  voltage  divider  ? 


c.    What  is  the  purpose  of  the  low  voltage  ac  on  the  filament? 


d.    What  type  of  transformer  is  used  in  this  power  supply 
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e.    What  is  the  purpose  of  the  filter  in  the  power  su|  ply? 


f.     is  current  through  the  bleeder  resistor  ac  or  dc  ? 
What  are  the  two  components  of  the  filter  system? 

!♦?      The  two  tvpes  of  transistors  are 


a. 


b.. 


17.     Transistors  are  used  as. 


and 


when  used  in  electronic  temperature  and  humidity  control 


loops. 

18.     Transistors  are  made  of  what  material? 

and 


19.    What  impurities  are  added  to  the  transistors  to  make  PNP  transistors? 

i   


20.    What  materials  are  added  to  the  transistors  to  make  NPN  transistors? 


a. 


17 


Jo., 
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WIRE  AND  OPERATE  AN  ELECTRONIC  HUMIDITY  CONTROL  LOOP 
OBJECTIVE 

To  learn  to  wire  electronic  control  circuits  and  how  to  adjust  electronic  controllers. 
PROCEDURES 

Accomplish  all  preoperational  checks  listed  below  prior  to  operation  of  the  trainer 
and  observe  the  listed  procedures  closely  during  all  operation. 

1.  Proceed  to  trainer  assigned  by  the  instructor  and  perform  preoperational  checks 
as  follows: 

a.  Remove  all  jewelry. 

b.  Check  applied  voltage  against  data  plate  of  controllers  and  motors. 

c.  Open  ail  switches  and  remove  ail  electrical  plugs  before  starting  projects. 

2.  Operational  safety  checks. 

a.  Wire  all  projects  as  illustrated  in  the  project  diagram,, figure  8. 

b.  Have  instructor  check  wiring  before  connecting  electrical  equipment. 

c.  Proceed  with  project,  making  adjustments  of  controllers  to  allow  motors 
to  operate. 

3.  Examine  the  trainer  taking  note  of  its  circuit  diagram.    Identify  the  following 
(on  trainer  and  diagram,  figure  8. 

a.  Electronic  control  panel. 

b.  Modulating  motor. 

(1)  What  is  the  source  of  power  for  the  modulating  motor  ? 

\ 

-  -.  —  T'  ' 

(2)  TheNnotor  operates  on  :   volts. 

c.  Stepdown  transformer  (external). 

d.  Controller  with  its  gold  leaf  measuring  element. 


GOLD  LEAF  HMttirv 
SCNSMQ  UNIT 


£LIC7*0*lC  HCTO* 


) 


Figure  8.     Electronic  Humidity  Control  with  Simplified  Wiring  Diagram 

✓  '  -19 


e.    Circuit  breaker. .  '" 

(IV  What  size  circr4*  breaker  protects  the  trainer  circuits  ? 


(2)  '  What  size  fuse  protects  the  bridge  circuit  transformer 


/ 


Remove  the  electronic  control  panel  cover.  Locate  the  terminal  boarded  identify 
the  wiring  connections  on  the  terminal  board  and  diagram.  Locate  tRe^folfbw- 
ing  on  the  control  panel.  » 

a.  Amplifier  discriminator  assembly,  r 

b.  Balancing  relays. 

(1)    Where  would  the  balancing  relay  be  found  in  an  electronic  control  system? 


(2)   What  operates  the  balancing  relays  found  on  the  panel 


c.  Control  point  adjustment*  .  • 

d.  Throttling  .range  adjustment.  • 

Wire  the  trainer  as  indicated  in  the  diagram  furnished.  . 

/  t  f 

Have  the  instructor  check  your  wiping.  ^ 

Set  the  throttling  range  to  10,  the  control  point  adjustment  to  0. 

Turn  the  power  switch  ON  and  observe  the  motor  operation. 

NOTE:  If  the  motor  does  not  operate,  change  the  adjustments  (in  step  7) 
to  the  necessary  .values  to  make  the  motor  turn  to  a  midrotation 
position. 

\ 

i  * 

With  the  motor  at  midrotation,  expose  the  measuring  element  to  moist  air  by  blow- 
ing on  it  through  the  small  holes  in  the  cover. 

What  direction  did  the  motor  shaft  turn?   . 


10.    Allow  the  room  a\r  to  dry  the  measuring  element. 

,t       '  \ 
NOTE>  This  may  take  a  few  minutes. 


What  direction  did  the  shaft  turn?   

11.  Postoperationai  checks  s 

a.  Disconnect  equipment  electrically 

b.  Remove  wiring  from  trainers.  ^ 

c.  Replace  ail  equipment. 

12.  Have  instructor  check  your  work 


Checked  by 


(Instructor) 
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AIR  -CONDITIONING  EQUIPMENT 


OBJECTIVE  \ 

This  study  guide  is  designed  to  aid  you  in  learning  about  air  conditioning^  It  will 
provide  you  with  instruction  concerning  the  various  equipment  used  in  air  conditioning, 
make  a  comparison  of  air  conditioning  and  refrigeration,  and  point  out  the  goals  estab-  \^ 

lished  for  air  conditioning.  » 

INTRODUCTION. 

As  early  as  1500  AD  man  was  designing  devices  to  cool  and  ventilate  his  domestic 
environment.   Methods  such  as  water^driven  devices,  gear-driven  devices,  another 
attempts  gradually  gave  way  to  our*  modern  concept  of  w  conditioning.   Improved  tfo&^m 
nology  has  expanded  this  field  from  domestic  to  industrial,  commercial,  roljitary. '  . 
aviation,  transportation,  marine,  and  outer  space  utilization.  In  the  early  1900  s  air 
conditioning  was  used  to  control  the  manufacture     many  products  (candy,  matches,  % 
etej.  In  the  1920  s  air-conditioning  principles-weffapplleA-to  commercial  uses  such 
as  theaters.   Th4s  was  the  birth  of  our  controlled  environment  application  for  air  con- 
ditioning as  we  know  it  today. 

Air  cojltfitioning  is  defined  as  "that  process  used  for  the  control  of  temperatures, 
humidity, -filtration,  and  circulation  of  air.  "  Air  conditioning  is  playing  a  more  impor- 
tant part  ut  man's  environment.   His  home   and  automobile,  business,  and  recreational 
locations  are  air-conditioned  in  order  that  the  maximum  comfort  may  be  maintained, 
increasing  the  efficiency  of  the  activity  being  performed. 

TtPES  AND  APPLICATIONS  OF  AIR^CONDITT^MNG  EQUIPMENT 

Air  conditioners  are  designed  to  fulfill  the  definition  that  "air  conditioning  Is  the 
control  of  temporxxre,  humfdity,  filtration,  and  circulation  of  kir.     There  are  several 
apphcati  n&  to.  air  conditioners;  they  include  comfort  cooling,  equipment  cooling, 
process  oolimr.  and  transportation  cooltfgT  As  there  are  many  applications,  there  are 
many  '\pes  of  units.    The  545X0  Career  Field/has  the  responsibility  forthe  service  and 
maintenance  of  these  many  types  of  equipment.   Some  of  the  general  classes  of  equip-  . 
ment  are  discussed  in  the  remaining  pages  of  this  shidy  guide. 

• 

Window  Units 

window  units  are  compact,  efficient  units  mat  are  designed  to  cool  a  small  area. 
A,unit  is  normally  installed  in  a  window;  however,  it  can  be  installed  in  a  hole  in  a  wall 
with  the  cooling  coil  section  on  the  inside  and  the  condenser  section  on  the  outside. 
Window  units- are  manufactured  in  sizes  ranging  from  3,000  Btu  -  36  000  Bta  per  hour 
capacity.    Smaller  units  usually  less  than  10,000  Btu  operate  on  a  120v  ac  circuit,  while 
the  larger  units  dsu ally  require  240v  ac  single-phase  power. 

Industrial  Units  t  \ 

These  systems  are  as'  large  and  complex  as  required  to  produce  the.  conditions 
needed.   They  can  vary  in  size  from  25  tons  to  10,000  tons  per  system.   They  can  be 
used  in  the  fields  of  manufacturing,  communications,  3nd  data  automation,  just  to  name 
a  few. 

Portable  Units . 

Portable  systems  art  found  in  many  styles  and  types.   They  are  self-contained;' 
some  have  gasoline -driven  engines  as  a  power  source.   Some  are  wheel-mounted  for 
mobility.   They  are  used  for  primary  or  backup  systems  in  the  fields  of  aviation, 
communications,  and  photography. 

39<> 
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SIMILARITIES  OF  AJR-CONDITIONING  EQUIPMENT 
Compressor  Types 

.  '       *  .j  * 

•    Earlier  In  the  course,  you  found  that  compressors  are  classified  as  hermetic,  semi- 
hermetic,  open,  pr  centrifugal.  Any  of  these  compressors  is  liable  to  be  found  in  / 
field  applications,  depending  on  the  system's  size. 

HERMETIC  COMPRESSORS.  Hermetic  compressors  are  sealed,  self -contained 
units  which  can  employ  either  the  reciprocating  or  rotary  compression  method.  The 
rotary  compressor  is  used  with  refrigerators,  water  coolers,  and  small  capacity  equip- 
ment up  to  approximately  2>hp.  the  larger  reciprocating  compressors  used  in  window 
units,  residential  units,  commercial,  and  industrial  systems  can  be  as  large  as  approx- 
imately 10  hp  and  must  be  positively  lubricated  because  of  »the.  sealed  housing. 

SEMIHERMETIC  COMPRESSORS.  Semihermetic  compressors  are  extremely  desir- 
able in  applications  where  low  range  temperatures  are  used.   They  can  be/  serviced, 
but  they  do  ndt  contain  a"  shaft  seal.  The  units  arVmore  free  of  vibrations,  and  the 
motor  is  more  positively  lubricated,  plus  the  suction  gas  aidB  in  keeping  the  motor  wind- 
ings cool.   These  units  normally  run  5  r  15  hp.  , 

OPEN  &>M  PRESSORS.  Open  compressors  are  always  field  serviceable  and  are 
popular  because  they  will  not  contaminate  the  entire  system  with  acid  if  the  motor  should 
burn  out.   They  can  employ  a  direct  drive  or  belt-driven  connection.     .  ; 

They  do  require  a  shaft -seal  and,  if  a  direct  drive  is  used,  a  flexible  coupling.  If 
multiple  speeds  are  desired  a  gear  train  can  be  applied,  or  variable  speed  pulleys  incti  -* 
porated  easily  on  this  type  unit.  Should  a  different  motor  be  used,  pulleys  can  be  in- 
stalled or  changed  to  insure  proper  rpm.  The  open -type' compressor  can  be  as  large 
as  50  hp  rated  per  unit  ' 

CENTRIFUGAL  COMPRESSORS.  These  are  designed'  to  produce  a  large  volume 
of  refrigerant  flow  at  a  low  pressure  differential.  Centrifugal  force  causes  the  com- 
pression to  take  place.  The  unit  can  be  staged  to  effect  even  better  operation.  This 
type  unit  will  normally  be  used  in  systems  in  excess  of  100  tons.   Howeven,  a  smaller 
system  has  been  designed  for  aeronautical  use  on  aircraft  environmental  control,  ,.- 

Evaporator's  '  •    ^  * 

.'    v        .  '   K  * 
The  evaporator  or  cooling  coil  is  the  device  which  picks  up  the.heat  in  the  controlled 
space  causing  the  boiling  of  the  refrigerant  and  changing'  the  state  from  HPHT  liquid  to  an 
LPLT  gas.  There  are  two  types  of  evaporators,  flooded  3nd  dry.   The  dry  evaporator 
is  always  filled  with  a  mixture  of  liquid  refrigerant  tnd  vapor  and  must  employ  some 
method  of  expansion  by  use  of  a  metering  device,  euch  as  a  capillatvjube.  AEV  or  TEV. 
This  type  of  system,  if.  applied  to  the  air  Source  being  cooled.  Is  knfwn  as  a  direct  ex- 
pansion (DX)  cooling  coil.  The  exchange  of  heat  is  accomplished  by  using  a  fin-and- 
tube  or  plate-type  assembly. 

In  a  flooded  system  a  constant  level  of  refrigerant  is  maintained  by  a  float. valve 
assembly.  This  method  is  very  popular  \n  chiller  operations  using  i  shell-and-tube  j>r 
tube-within-a-tube  assembly:  This  can  be  used  in^  dirtct 'expansion  system,  or,  if 
chilled  water  is  to  be  supplied  to  a  remote  co*1  as  a  secondary  refrigerant,  we  have  an 

2  ,  <.  "  I 


indirect  expansion  (DC)  application. 
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Evaporator  temperature  ranges  will  vary,  however,  for  air-condlttotttag  work  the 
apparatus  temperature  Is  normally. from. 35°  -  4S°.  post  cooling  colU  are  * 
40°which  will  product  M°*ir  at  tt*#oil  for  supply  purposes.  Air  temperature  will  vary 
with  changes  In  air  Vblurae  through  colls . 

Condensers  *  ' 

Condensing  systems  are  divided  into  three  groups  according  to  size,  '^mali  systems 
from  one  to  three  horsepower,  medium  systems  from  five  to  one  hundred  horsepower, 
and  systems  100  hp  and  over,  called  large  installations.  The  type  used  will  depend  on 
the  size  of  the  insfellation.  Generally,  fractionally  sized  units  (1  /4  to  1  hp)  are  self- 
contained. 

At  our  disposal  ire  three  methods  to  effect  the  condensing  process.   There  are  air- 
cooled,  water-cooled,  and  eyaporative,cooled  condensers.  Air-cooled  condensers  are 
restricted  to  small  and/medium  size  Installations.  Water-cooled  condensers  are  re- 
stricted  only  by  water  suprily  (condition  and  avaUability)  and  maintenance  expense.  tThey 
are  used  on  systems  sized  from  5  tons  to  the  largest  size  made.  -  * 

Evaporative  condensers  opotfUe  on  the  principle  that  water  evaporated  &  the  air 
dissipates-  heat  to  the  atmospherfT  This  heat  is  approximately  1000  Btu/pound  oT  water  ^ 

evaporated. 

Keep  in  mind  that  the  condenser's  function  is  to  discharge  the  heat  picked,  up  in  the  c  < 
evaporator  and  also  the  heajarf  compression,  which  is  approximately  10  percent  of  th#  , 
tool  heat  being  dispelled.  In  the  condensing  cycle  there  are  three  stages.  The  hot  gas  . 
entering  must  be  dewperheated  (change  gas  to  a  vapor).  It  is  m.n^ndensed  (vapor  to      ,  * 
a  liquid)  and  finally  it  is  subcooled  (removal  of  excess  tempera  ^ire  a*d  pressure).  Non-          ,  J 
condensable  gases  will  collect  In  the  condenser  or  receiver  and  can  be  vented  or  purged  ( 
from  this  point  in  the  system  when  they  affect  the  unit's  operation.  Some  ^sterns, 
usually  centrifugal,  have  a  separate  unit  (purge  uAWwMch  will  automatically  perform 
this  function.  . 

\  >         ■  ■ 

petering  Devices  .A  .  . 

The  function  of  the  metertog  device  is  to  control  the  flow  of  the  refrigerant  to  the  , 
evaporator  so  as  to  keep  the  evaporatorfully  active  during  the  entire  cycle.  This ^  means 
that  the  refrigerant  is  boiling  throughout  the  evaporator  except  for  toe •small f^tt^V- 
reserved^  superheat.   The  normal  superheat  setting  is  factory  set  at  7  F  but  In  operA, 
atjon  wtU  give  us  a  10°F  superheat  setting. 

THERMOSTATIC  EXPANSION  VALVES.'  Thermostatic  expans&n  valves  were  de- 
signed to  maintain  a  constant  evaporaTor  superheat! t>y  ttMttfc  ^jS^t^Li 

„  rate  which  will  keep  the  evaporator  fully  active.   The  additiqn  of  toe  feeler  bulb  element 
sensing  device,  placed  at  the  outlet,  aids  in  maintaining  this  constant  superheat  by  vary- 
ing the  volume  oT  gas  being  fed  to  the  evaporator,  according  to  the  load  *^h*^'*/ 
On  some  models  a  multiple  distributor  is  used  to  feed  smaller  volumes  of  the  totaf  Vapor 
into  equal  segments  of  the  evaporator  to  provide  a  more  even  t^******9*™*^ 

■   the  evaporator.  Other  applications  use  an- external  equalizer  line  which  is  incorporator 
to  compensate  for  excessive  pressure  drops  across  the  evaporator. 


f 


)w 


y 


391  .  ,    '  / 

ERIC  .  i      -  '  , 


CAPILLARY  TOM.    Capillary  tubas  art  used  at  the  metering  devices  in  amall 
•fc,#Pt»bte  *  »  eonetant  load  la  required.  They  are  low  coat  Items 
and  eliminate  the  atad  for  Higher  coat  expansion  valvea  and  liquid  receivers,  tta  sys- 
tems using  capillary  tubes  art  all  critically  charged  alnct  theuaits  art  designed  to 
maintain  a  constant  load.  Normally  capillary  tubta  art  not  used  on  systems  larger  than 
tnree  tona  capacity. 


Insulation  la  uaad  for  two  main  reasons.  Primarily.  It  la  to  retard  heat  flow  and 
•£^"y'  *  raduca  iioiaa    Tnl*  to  detarmli>ad  by  the  type  selected  and  the  physical 

IS?  2Lttt  ^I1*1-  *  Wly**  your  knowledge  of  transmission  heat  gains,  you 
c^nbettsr  determine  the  type  of  insulation  required  to  maintain  the  temperature  In  the 

iJ??  mAterU1*  grounding  a  heat  source  vary  In  their  ability  to  conduct  heat  Just 
"  J^^TLin  !£?  ««*tost  heat  transfer.  Materia  capable  of 

crf^^ingheat  effectively  must  be  composed  of  tiny,  totally  enclosed  air  cells  pr 
1!?  1         toattlatton  material  consists  of  hairfelt,  mineral  wool,  fiberglass,  asbes- 
?!la^.  -  fK°mm'.  £  *?  •Vtnt      in»uUtl0ft  requires  mototai*  retardation  ae  well,  x 
uSSV.       fiJ*  tar,  or  polyethylene  sheeting  Is  added.  If  a  reflective  tnsu- 

it^J?.^^        *i«mlnuiB  °r  «>»•  reflective  quality  material  Is  added.  For 

vSSUS?00  active, it  should  contain  aa  many  of  the  following  characteristics  * 

f 

0  * 

LOW  THERMAL  CONDUCTIVITY  (K- FACTOR).  This  la  the  amount  of  heat  that 
will  paaa  through  a  1-equare  foot  area,  1  Inch  thick,  in  one  hour  with  a*  TD  of  1°F. 

RESISTANCE  TO  SETTLING.  Some  materials  will  settle  so  that  after  a  few  years 
the  top  4  -  5  Inches  of  the  wall  will  not  be  insulated.   Therefore,  locw  type  materials 
should  not  be  used  in  vertical  walls. 

MOISTURE  RESISTANCE.  Moisture  resistance  of  a  material  affects  the  heat  re- 
tarding abiUty  ot  an  Insulation.  If  an  Insulation  becomes  laden  with  moisture  there  is 
practically  no  retardation  of  the  heat  transferring  through  the  area  Insulated.  Some 
materials  will  swell  with  L»»4  addition  of  moisture;  therefore,  could  cause  walls  to  swell, 
and  in  colder  climates  could  freeze  causing  damage  to  Insulation  and  surrounding  areas. 

FIRE  RESISTANCE.  Materials  should  be  nonflammable,  nontoxic,  and  noncom- 
bustSble  as  possible.  Some  of  the  materials  that  are" nonflammable  Include  foam  glass, 
glase  wool,  per  lite,  vermkulite,  mineral  wool,  asbestos  wool  and  redwood  bark. 

VERMIN  RESISTANCE.  Rats,  mice,  and  other  forms  of  vermin  render  some  insu- 
lation worthless  In  a  very  short  time. 


LIGHT  WEIGHT.  If  the  insulation  is  not  strong  enough  to  support  itself,  a  heavy 
waU  must  be -provided  to  support  it   The  weight  of  the  Insulation  must  be  figured  to 
determine  the  added  support  needed  for  the  celling. 


DETERIORATION  RESISTANCE.  Deterioration  is  generally  caused  by  chemical 
reaction,  accelerated  by  moisture.  A  chemical  treatment  must  be  used  on  materials 
which  are  water  absorbing  to  retard  rot,  mold,  or  other  deterioration  elements. 
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/DENSITY.  The  heavier  tht  insulation  the  stronger  must  bt  tht  supporting  structure 
(walls,  ceiling,  floor*,  ote). 

Other  areas  of  consideration,  ouch  m  the  specific  hoot,  odor,  tsse  of  tnatalUttoo, 
and  coot  muat  also  bo  weighed  in  tho  *« taction  of  tho  boat  Insulation  for  tho  Job  to  bo 

dona.  * 

Fans 

'  Air  la  moved  by  mechanical  moano  In  an  air -conditioning  system.  Tho  fan  converts 
mechanical  energy  (fan  blade  rotation)  into  gao  energy  (airflow).  Thie  la  accompllohod 
by  moans  of  a  wheel  or  blade,  Imparting  a  spin  on  the  air  ao  that  it  will  leavw  the  fan 
assembly  in  a  forward  motion  to  tho  point  of  deettaaten.  ' 

Fans  are  classified 'into  two  major  categories:  AXIAL  and  RADIAL. 

Types  of  Fans  \  "• 

'AXIAL*  FANS.  These  (ana  t^ove  air  in  a  flow  parallel  to  the  shaft  The  air  will 
have  .a  spiral  motion,  but  will  be  moving  in  a  parallel  plane.  Axial  fana  have  three  blade 

ciasa-iflcationa.  ,' 

Propeller  Fan  Blades.  Propeller 
fan  blades  are  found  on  the  pedestal  or 
table  fan  common  to  home  use.  Fans 
o(  the  celling  variety  uoe  propeller  blades. 
These  fans  are  used  to  move  air  within  a 
given  area  (circulation).  Normally,  they 
have  a  safety  shroud.around  themanjK 
operate  satisfactorily  against  static^res- 
sures  of  1/1  to  3/4  inch  water  pre*e>re. 
Trtey  can  be  used  only  if  a  low  vohune  of 
air  movement  is  required  and  normally 
are  used  for  exhaust  or  ventilation*  pur- 
poses.  Thsy  can  be  direct  drtve  or  belt 
driven,  see  figure  1.  •  f    f  , 

Tube-Axial  Fana.  They  are  used 
for  heavier  duty  air  movement.  They  are 
»aiilt  for  mounting  In  ductwork  whereas 
*s.e  propeller  type  is  mounted  In  a  wall. 
Since  the  air  will  move  it  a  higher  velocity, 
the  Increase  of  the  spiral  movement  will 
incur  greater  duct  pressucVlooses.^nd 
will  increase  the  amount  of  noise  tarn 
duct  system.  Fx>r  this  reason  they  are 
normally  ue*d  for  industrial  applications  ^ 
^nere  noise  is  a  minor  consideration, 
;  r.d  space  is  of  no  concern.  The  tube- 


Figure  1.   Propeller  Fan 


axialiana  can  withstand  pressure,  up  to     ,      Figure  2.  Tube-Axial  Fan  - 

I  \         3"  water  pressure.   They  are  ■  '  •  . 

also  direct  drive  or  belt  driven.  The  propeller  fans  of  all  types  have  the  added 
it-er;stiff  of  usin?  most  power  at  maximum  air  delivery.  See  f  J«?ure  2; 
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-    Vane-Axial  Fans.  These  fiat  art  la 
reality  ribching  bat  a  tuba-axial  fan  with 
varies  installed  in  the  tan  houstpg.  Tht 
vanes  are  uaad  to  staighten  cuf  the 
iplrallng  motion  of  tha  air.  T^ita  offers  - 
tha  added  factor  of  leu  noise  and  In-  . 
craaaad  efficiency.  Tha  vane-axial  fan-can 
wlthatand  praaauras  up  to  3"  water  plea- 
sure (see  .figure  3). 


Figure  3,   Vane -Axial  Fane 

*  V  #    *  / 

*    RACIAL  FANS.  They  move  the  air -flit  o  the  blower  housing  parallel  to  the  shaft 
but,  discharge  it*  radially  to  the  shaft  (sea  figure  4).    This  means  that  the  air  is  dis- 
charged at  a  90°  angle  or  plane  from  the  shaft  of  the  fan.  The  centrifugal  fan  consists 
of  a  wheel  (sometimes  called  a -squirrel  cage)  mounted  Horizontally  on  a  shaft,  which 
rotates  within  the  housing.  Air  enters  parallel  to  the  axis  through  the  fan  housing.  "? 
The  air  may  enter  at  either  one  or  both  ends  of  the  wheel.  The  centrifugal  fan  will 
operate  with  leas  noise,  but  consume  more  power  under  maximum  air  delivery  when 
compared  to  an  axial  flow  fun. 


FORWAMO  CUHVE  RADMt.  BACKWARD  INCLlNEO 

BLAOt  BLAOE ,  BLAOC 


Figure  4.  Fan  Blades' 

Air-conditioning  specialists  often  refer  to  centrifugal  fans  as  blowers.   There  are 
some  factors  which  will  bemused  In  the  determination  of  the  fan  type  to  be  used  for  a 
particular  application.  They  include: 

*  Unit  size 

*  1   Drive  motor  selected 

*"    Internal  layout  of  the  unit 

*  Shape  of  the  coil 

*  Resistance. of  system  ducts 

-  -  > 

Fans  are  used  to  ventilate  (induce  fresh  air),  circulate  the  same  air  in  a  system, 
or  to  exhaust  odor-laden  air  which  is  part  of  the  ventilation -circulation  process. 
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Control*  *~  .  1  p  * 

Controls  uMri  in  air-conditioning  applications  cm  be  electric,  electronic,  and  pnea- 
matte,  this  Nfmnt  of  your  training  «U  emrid  in  earlier  bloc  in  at  the  school;  how- 
ever,  an  a  means  of  review,  hare  in  a  1  tot  of  noma  of  thn  control*  you  will  find  in  thia 

type  work,  ' '        /.  %'  '  i 

Temperature  -  Thermpetata  of  all  thraa  typee. 

Humidity  -  HumidiatatS  of  all  thraa  type  a.  < 

Pressure  Controls  -  High  Pressure  Motor  Control 
i.      Low  praanura  Motor  Control 

Oil  Pressure  Safety  Control  * 

Selector  Switches  -  Devlcee  which,  depending  on  the  position,  will  determine 
*  an  operational  mode  or*  sequence. 

•  Accessory  Equipment  *  * 

You  have  studied  a  number  of  accessory  Items  such  as  mufflers,  driers,  sight  glass 
indicators,  Schrader  valves,  crankcase  heaters,  and  service  valves.  Also  included  in 
this  general  class  would  be  items  such  as  strainers,  boilers,  sumps,  traps,  pumps, 

and  regulator  valves. 

Filters 

One  of  the  major  functiona  of  an  air-conditioning  ayatem  if  to  deliver  clean  air  to 
the  controlled  apace.  Just  as  temperature  and  humidity  must  be  controlled,  the  air  con* 
tent  in  regard  to  dust,  pollen,  odors,,  and  bacteria  can  be  controlled. 

Nearly  all  systems  introduce  a  certain  amount  of  '^reah  air"  into  the  system.  Thin 
fresh  air  is. brought  in. from  an  outside  source,  and  it  will  contain  foreign  matter  that  in 
undesirable  for  conditioned  air;  therefore  the  filter  has  a  vital  role  in  the  air-conditioning 
system.  Keep  to  mind  that  any  combination  of  filtering  devices  can  be  used  together  or 
in  different  combinationa  so  that  the  desired  condition  Is  reached. 

Filters  are  classified  as  PERMANENT  or  THROWAWAY  (DISPOSABLE).  Perma- 
nent filters  can.be  cleaned  and  reused  over  and  over.  Disposable  filters  are  used  on  a 
one-time  basis.  \ 

The  dry-type  filter  is  of  "either  type  of  construction.   The  throwaway  filter  is  nor- 
mally composed  of  a  cardboard  frame  with  cotton,  fiberglass,  paper,  gauze,  or  glass 
woo*  in, the  center.  When  the  maiarial  Is  dirty,  the  filter  Is  discarded  and  replaced  *}th 
a  clean  filter.   These  are  the  most  common  In  home  units  and  smaller  systems  or  in- 
dustrial systems  where  maintenance  time  is  limited. 

.-  v 
The  permanent  filter  has  a  metal  frame  and  a  washable  center  filler  usually  of 
alumtnvm  or  some  other  synthetic  product  When  it  becomes  dirty,  it  is  removed  and 
cleaned  with  warm  soapy  water  and  air  pressure,  if  needed. 


s 
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The  viscous  type  filter  has  the  most  use.  It  Is  a  filter  of  either  type  that  has  been 
impregnated  with  oil.   As  the  air  passes,  through  the  filter,  the  dust  particles  -adhere  to 
the  oil  fihn.,  When  the  fitter 'becomes  dirty,  it  can  be  thrown1  away  or  cleaned,  depending 
on  the  type  in  use.   If  the  c loanable  filter  is  used,  once  it  is  cleaned  a  coat  of  filter  oil 
must  be  applied  md  any  excess  oil  should  be  drained  off  for  a  period  of  not  less  than 
40  to  12  hours.  * 

The  electrostatic  precipitator  orVlectromc  air /liter  is  the  best  type  of  air  cleaning 
-device.-  It  operates  on  the  principle  that  particles  in  the  air  possess  a  positive  charge 
that  jrillbe  attracted  by  a  negative  charge. 


lir  is  passed  through  a  highly 
ionixed-fleW  (see  figure  5).    The  elec- 
trons in  th«  field  put  a  charge  on  the  / 
pVrticlea  that  oass  ttefr&gh  the  field  of 

plates  or^gsids^iaontftttiw  *  potential  of 
6,000  -  12,  OOOv  dc,  depending  on  the 
size  of  the  unit).  -T)ie  air  with  its  charged 
particles  then  passes  through  a  field  of 
plates  and  the  oppdVing  charge  .will  attract 
and  hold  the  particles  to  the  plates,  which 
can  be  cleaned  periodically, 


1 1 5V 


Figure  5.    Electrostatic  Precipitator 


•  To  clean  them,  cut  off  the  power,  remove  the  plate  section,  clean,  let  dry  and  then 
reinstall  in  the  system.   The  collector  pads  found  in  some  units  collect  matter  that 
breaks  loose  and  they  must  be  replaced  or  cleaned  periodically. 

4 

Air  Purification  Devices 

Not  truly  classified  as  filters  are  the  air  p  rification  devicas.  -These  items  are 
used  to  remove  odor,  bacteria,  etc. 


CARBON  OR  CHARCOAL.   These  are  used  for  odor  control.  Often  air  that  is 
brought  in  from  the  outside  is  heavy  laden  with  industrial  odors  and  other  contaminants.. 
The  charcoal  will  absorb  the  odors. .  To  reactivate  charcoal  It  must  be  baked  in  an  oven 
for  a  given  amount  of  time  at  a  set  temperature,  depending  on  the  type  being  used. 

ULTRAVIOLET  LIGHT.   Ultraviolet  tight  is  used  to  control  air  that  is  laden  with 
bacteria.  Hospital  sick  rooms,  isolation  wards',  meat  processing  areas,  dairies,  etc. , 
all  use  ultraviolet  light  to  control  bacteria  in  :he  air  and  maintain  purity.' 


Filter  Maintenance 

As  %  filtet  becomes  clogged  or  dirty,  the  velocity  pressure  of  the  system  is  reduced 
and  the  efficiency  of  the  system  suffers  considerably.   Filter  cleaning  involves  the  fol- 
lowing-steps in  the  sequence  listed:  , 

1.  Remove  the  clogged  filter  and  replace  with  a  clean  one. 

2.  Clean  th«    irty  filter^with  hot  water,  soap,  and  pressure  if  needed. 

3.  Allow  to  drain  .dry. 
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Dip  the  filter  in  odorless  filter  oil,  or  apply  a  sprayed  coat  of  ~&L 

Allow  excess  oil  to  drain  off  or  a  centrifugal  machine  can  be  used  to  sling  off 
the  excess  oil. 

6.    Place  the  Alter  in  storage  until  needed  as  a  replacement. 

Filters  must  be  checked  periodically  to  insure  their  degree  of  efficiency.  They 
should  be  cleaned  as  often  as  conditions  require;  The  general  allowable  pressure  drop 
is  .  25**  water  pressure.  This  Is  measured  with  t  uraft  gage. 

WINDOW  UNITS 

Window  units  (see  figure  6)  are 
compact,  efficient  units  that  are  designed 
to  cool  a  small  area.   A  unit  is  normally 
installed  in  a  window:  however,  it  can  be 
installed  in  a  hole  in  a  wall  with  the  cool- 
ing section  on  the  inside  and  the  condenser 
section  on  the  outside.  Window  units  are 
,  manufactured  in  sizes  ranging  from 
3,000  Btu  -  36,000  Btu  per  hour  capacity. 
Smaller  units,  usually  less  than  10,000 
Btu,  operate  on  a  120-volt  ac  circuit  while 
the  larger  units  usually  require  240 -volt 
t  ac  single-phase  power.  Figure  6.   Window  Unit  (Top  View) 

Major  Components  \ 

Window  air  conditioners*are  essentially  high  temperature  systems.  Therefore, 
the  major  components  of  window" air  conditioners  are  the  same  as  for  refrigeration. 
The  components  are  designed  for  high  temperature  application  and  are  used  primarily 
for  personal  comfort. 

FAN  MOTOR.   The  fan. motor  is  specially  designed,  rugged,  two-speed  motor  with 
a  double  3haft.  The  low  speed  range  is  875  to  950  rpm.  One  end  of  the  motor  shaft 
drives  the  squirrel  cage  blower  that  forces  air  through  the  evaporator.    The  other  end 
of  the  shaft  drives  the  blower  that  farces  air  through  the  condenser  coil.  Most  of  these 
motors  have  sealed  bearings  which  require  no  lubrication;  Most  of  these  motors  also 
use  a  small  run  capacitor  in  the  circuit.   The  motor  is  subject  to  two  main  malfunctions, 
burnout  and  worn  bearings.   If  the  worn  bearings  aren't  immediately  replaced,  they 
can  be  the  cause  of  a  motor  burnout 

E  VAPORATOR  BLOWERT^lJnTorder  to  make  window  units  as  quiet  as  possible,  a 
^  squirrel  cage  blower  is  used  to  force  air  through  the  cooling  coil.  Squirrel  cage  blowers 

are  much  quieter  than  the  blade  type  fans  and  will  move  a  higher  volume  of  air  providing 
the  diameter  of  the  fans  is  the  same.   The  blower  is  designed  to  move  approximately 
400  cfm  per  ton  of  refrigeration. 
.J 

CONDENSER  FAN.  A  fan  is  used  to  force  air  through  the  condenser.   The  con- 
denser fan  operates  in  the  outside  area  to  dissipate  the  unwanted  heat,  therefore,  noise 
is  not  a  major  consideration.   The  fan  blades  jre  connected  at  the  oute:  tip  by  a  metal 
band  which  gives  the  blades  stability,  but  the  mzin  purpose  of  this  band  is  to  pick  up 
condensate  water  and  sling  it  against  the  condenuer.   Naturally,  this  ring  is  called  a 
slinger  ring.   This  water  aids  in  displacing  unwanted  heat  through  the  process  of  evap- 
4     oration  adding  to  the  efficiency  of  the  condenser  coil. 
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EVAPORATOR.    The  cooling  sectionals  usually  composed  of  rows  of  copper  tubing 
covered  with  aluminum  !^ns>   The  collected  water  dropjets  c  iLact  at  the  bottom  of  the 
cooling  coll  and  are  drained  through  a  tube  or  Wench  to  tne  backAof  the  unit.  ThefslLiger 
ring  will  then  pick  up  the  water  and  throw  it  against  the  condenser  where  it  evaporates. 
The  evaporator  is  designed  to  lower  the  temperature  approximately  20  degrees.  If  the  ^ 
air  entering  the  coll  is  90  degrees  and  the  air  leaving  the  coil  if  70t  degrees,  the  unit  is 
said  to  be  performing  at  maximum  design.  \    _  V       *  \L 

THERMOSTAT.  Window  units  are  equipped  with  a  thermostat  thatcycles  the  com-  ' 
pressor  when  the  temperature  reaches- tie  set  point.  The  thermostat  usually  has  a  fixed 
differential  of  5  degrees  and  an  adjustable*  range  of  58-91°F.  * 

CONDENSER.   The  condenser  is  usually  composed  of  rows  oi  copper  tubing  covered 
with;  alumiiwm  fins.   It  is  larger  than  the  evaporator,  so  it  can  dissipate  all  of  the"%ea* 
picked  up  by  the  evaporator  plus  the  heat  of  compression*  The  condensate  water  wh\ch  * 
is  relatively  free  of  scaling  minerals  is  thrown  against  the  condenser,  thus,  aiding  m 
reducing  the  head  pressure  by  making  i^  an  evaporative  condenser.   The  water  thrown 
against  the  condenser  causes  dirt  and  trash  to  collect  on  the'fins.   As  a  result,  the  con- 
denser must  be  cleaned  periodically. 

•  i  '■ 

AIR  FILTERS.   Air  filters  used  in  window  units  are  either  throw  away  or  permar 
nent  in  design.   They  must  be  changed  or  cleaned  as  soon  as  they  become  dirty.  This 
should-. be.done  as  often  as  needed.   The  cleanable  type  should  be  washed  in  warm,  soapy 
water,  allowed  to  drain  dry,  then  coated  with  a  thin  coat  of  filter  oil.   The  fitters  re- 
duce the  amount  of  lint  and  dust  in  the  air,  but -their  main  furiction  is  to  keep  the  evap-  < 
6rator  coil  clean.  If  the  air  conditioner  is  operated  ^thout  the  filter  in  place,  the  evan- 
orator  becomes  dirty  and  requires  cleaning  with  water  and  air  pressure.  f 

<.-  SELECTOR  SWITCH.  Most  window  units  are  equipped  with  a  selector  switch  having 
5  positions:  OFF,  LOW-COOL,  HIGH-COOL,  LOW-FAN,  and  HIGH^-FAN.   The  selec-' 
tions  may  be  made  by  pushing  a  button  or  turning  a  knob.   The  high-speed  Ncompressor 
operates  at  a  constant  speed.   The  fan  has  two  speeds  and  will  operate  on  either  high  or 
low.  When  selector  switches  give  trouble,  they  must  be  replaced.  ,  * 

VOLTAGE  SELECTOR.   Some  units  are  designed  to  operate  on  either  208v  or  23Cv 
ac.    Be  sure  the  voltage  selector  switch  is  correctly  positioned  for  the  voltage  being 
>  used  in  the  circuit 

CAPACITORS.   Start  capacitors  are  usually  small  in  size  and  round  in  shape.  They 
are  encased  in  bake  lite,  plastic,  or  cardboard.   Run  capacitors  are  larger  and  are  long, 
often  oblong  in  shape,  or  sometimes  square  with  the  case  being  made  of  metal.  The 
larger  microfarad  ratings  identify  the  start  capacitors. 

COMPRESSORS.   Most  of  the  window  units  use  the  hermetic  style  compressor  and  ; 
have  potential  starting  relays.  However,  many  window  units  use  a  permanent  split 
capacitor  (PSC)  compressor,  (see  figure  7).  A  PSC  compressor  has  two  main  advantages 

,   1.    It  does  not  require  a  starting  relay. 

2.    A  small  unit  will  produce  more  power  because  the  start  winding 
'  is  also  used  for  running. 
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/      Figure  7..  Wirftg  Diagram  of  P8C  Compressor 
*»      ,'"  *  ■  V  '  •  ■  "' 

REFRIGERANT.  Moat  window  units  use  R-22  refrigerant.  The  unit  can  be  about 
one-third  smaller  In  size.  This  la  due  to  the  fact  that  the  he'*.  *f  vaporization  of  R-22 
is"  69  Btu,  compared  to  oSjy  37  Btu  for  R-12.  <  - 

Possible  Troubles  ^ 

Window  air  conditioners  have  the  same  troubles  and  malfunctions  as  other  types  of 
*  hermetic  refrigeration  units  plus  a  few  of  their  own.  Seine  of  the  problems  peculiar  to 
window  units  are.  discussed  below.  » 

FREEZEUP.  A  faulty  thermostat  will  cans*  freezeup.  However,  under  certain* 
conditions  it  if  j  ossible  to  have  a  freezeup  with  the  thermostat  in  perfect  condition.  For 
instance,  it  may  be  warmer  inside  the  house  than  it  is  outside.  When  the  room  thermo- 
stat temperature  gets  high  enough,  the  unit  will  start  the  compressor  and  poll  the  refrig- 
erant vapor  out  of  the  cooling  coil.  The  head  pressure  is  so  low  (due  to  low  ambient 
temperature)  that  verv  little  liquid  refrigerant  is  forced  through  the  capillary  tubs.  ,  * 
Eventually  the  liquid  going  through  the  capillary  tubs  Is  boiling  below  32WF  and  the  evap- 
oratorbegins  freezing  at  the  outlet  of  the  capillary  tube.,  The  coat  of  Ice  restricts  the 
airflow  at  this  point  and  some  of  the  liquid  refrigerant  moves  out  of  the  eva|>oratotinto 
the  suction  line.   This  process  repeats  itself  until  .the  cooling  coil  is  covered  wit*  frbst 
Usually  a  freezeup  will  ocqur  at  night,  particularly  during  a  cool,  rainy  seasori.  Some 
manufacturers  are  installing,  a  free zestat  on  the  evaporator  to  stop  the  compressor  if 
th_  temperature  drops  to  33°F.  A  dirty  filter  or  evaporator, will  also  cause  a  freezeup 
by  restricting  the  airflow  across  the  coll. 

CLEANING.   All  refrigeration  units  require  periodic  cleaning.   The  cleaning  of  a 
\ window  unit  is  particularly  Important.   Since  the  condensate  water  is  evaporated  very 
slowly  at  times,  it  collects  dirt  and  trash  very  rapidly.  Window  units  should  be  re- 
moved from  the  window  and  cleaned  after  every  cooling  season.  Usually  the  water  from 
a  hoie  will  clean  them  adequately;  however.  In  some  cases  jtpu  may  have  to  use  an  air- 
hose.  If  water  is  used,  make  sure  that  the  fan  motor  Is  completely  dry  before  operating 
the  unit.   Just  a  little. water  In  the  fan  motor  windings  will  cause  the  motor  to  burn  out. 
Best  results  are  obtain  if  steam  Is  used.   Steam  cleaning  requires  the  following  special 
l  out  ions: 

\  ■  ■ 

a  ■ 


J 


\ 


Be  sure  that  the  steam  temperature  la  below  the  melting  temperature  of  the 
copper,  aluminum,  or  the  solder  used  on  ttiip  joints  and  seams.  , 

*  Be  sure  that  the  system  is  complexly  dry  prior  to  startup  of  the  unit, 

a  Steam  will  p&netrate  better  than  witter  and  can  cause  motors  to  burn  out  i 

if  moisture  Broplets  are  left  on  the  inner  surfaces  of  the  electrical  11  / 
components.  * 

r> 

%  FAN  MOTORS.   As  previously  mentioned,  there  are  two  major  matfunctlons  found 
in  window  units,  bad  bearings  and  burnouts.   If  the  condition  requires  removal  of  the 
motcrt\  follow  t£e  procedures  as  outlined  %± 

1.  Use  a  special  long  shank  alien  wrfench  to  lotfsen  blower  scre^. 

2.  ,  Use  a  standard  shank  alien  wrench  to  loosen  the  fan  setscrew. 
y   3.     Either  the  condenser  or  e vapor at&r  can  be  moved  if  needed. 

"gOTE:  Deternfine  which  is  easier  to^inovei  lipualiy^he  condenser  will  be. 

4.  Remove  the  holding  screws  from  the  unit  being  moved,  then  lift  lt      of  the 
way  being  careful  nottfeo  kinkWy  of  the  lines. 

5.  Remove  the  motor  leads  and  mark  the  Connections  so  that  they  can  be 
properly  reinstalled.  " 

6.  Remove  the  motor  retaining  nuts  and  remove  the  motor.  *  . 

f 

7.  REPLACEMENT  IS  THE  REVERSAL  OF  THIS  ORDER. 

8.  After  the  replacement  has  been  completed  rotate  the  fan  blades 'and  be 
sure  that  they  are  property  aligned  prior  to  startup  of  the  unit*  Check  to  4 
be  sure  that  all  wires  are  attached  and  no  tools  or  other  objects  have  been 
left  inside  the  unit  \   1  - 

\ 

9.  Bench  check  the  unit  prior  to  reinstallation. 

Installation  procedures  will  differ  a  little  between  models  and  manufacturers.  J 
However,  if  you  can  install  one  type,  you  can  figure  out  how  to  install  any  of  the  other 
types.   Some  general  procedures  are  listed  below* 

♦  Install  in  the  shade  if  possible.  t 

*  Guarantee  complete  ventilation  for  the  condenser  if  possible. 

The  back  of  the  unit  should  be  1/2"  -  1/4"  lower  than  the  front  to  allow 
proper  drainage  of  condensate  water  from  the  evaporator. 

•  Support  the  unit  securely. 

'•     If  the  power  cord  that  is  supplied  with  the  unit  is  not  long  enough, 
have  another  receptacle  installed. 
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Make  sure  that  ill /window  ^ir  conditioners  axe  connected  to  a  single 

receptacle  circuit.  *  * 

In  accordance  with  Underwriters  Laboratories  retire  menu,  and  for  your 
protection  and  safety,  special  plugs  have  been  developed  for  each  type*  of 
unit.  The  proper  receptacle  must  be  used  to  match  the  plug  (see  Ofcure  8). 

ALL   '15V   AC  UNITS. 
IS  AMPCRCS 
PARALLEL  KLtlC 

© 
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201 -230V  AC  UNITS 
IS  AMFCRCS 
TAMOCM  PLUO 


20S-230V   AC  UNITS 
30  AMPCRCS 


Figure  8K  Power  Receptacles 


Power  cords  for  11 5-120v  units  usually  have  three  "wires:  white,  black, 
amfKreen.    rhe  green  wire  ts  the  ground  wire  according  to  safety  stand- 
ard color  codes.   One  end  of  this  wire  must  be  attached  to  the  unit  body 
and  the  other  to  the1  ground  terminal  of  the  plug.  /The  black  wire  is  the 
hot  lead,  and*  the  white  wire  is  the  common  lead.  /  , 


RESIDENTIAL  HOME  HEATING  AND  AIR-CONDITIONING  SYSTEM 

It  is  not  the  primary  dutv  of  the  545X0  to  service  and  repair  furnaces;  however  since 
the  fuUacTJ ?5  ton-an  integral  part  ofjhe  a^-condlttonlng  system  it ^aryto 
understand  the  operation     the  furnace*to  be  able  to>ervlce  the  air  conditioner.  ™™ 
"  f t^fof central  air-conditioning  systems.  It  Is  impossible  to  cover  all 
Te  nSTiX.1.  "essence,  they  axe  all  the  same  In  operation  "^"-J- 
.c latere  and  basic  design.   The  system  that  we  wUl  discuss  has  a  10C.0OO  BW  gas  firea 
turnace^and  a  38,000  Btu  electrical  air  conditioner. 


v. 
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Tht  Dual  System       -  A 

*  Since  the  heating  and  the  cooling  are  produced  In  the  same  portion  of  the  package 
(the  furnace  body),  let's  look  at  the  overall  basic  structure  .of  the  combined  units  as  * 
shown  In  figure  9. 
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Figure  9.  Dual  System 
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The  following  are  used  by  both  heating  and  cooling  operations 


THE  RETURN  PLENUM*  -n  the  return  plenum,  sir  iSf  returned  either  by  ducts  or 
velocity  pressure  from  the  controlled  space  (or  reconditioning. 

THE'  FJLTk.il  SECTION.  In  this  section  the  dust,  lint,  and  other  foreign  materials 
are  filtered  out  of  the  air  prior  to  reconditioning. 

THE  BLOWER  SECTION.  This  section  contains  the  unit  used  to  convey  the  air 
through  the  active  conditioning  process  and  recirculate.  It  back  to  the  space  being 

controlled.  * 

THE  HEATING  OR  COOLING  SECTION,   fhis  is  where  the  air  is  reconditioned 
.to  the  desired  temperature. 

THE  SUP-PLY  AIR  PLEfiuM.  In  this  section  the  reconditioned  air  is  collected 
prior  to  being  distributed  into  the  various  parts  of  the  house  or  building. 

THE  SUPPLY  DUCTS.  Supply  ducts  are  used  to  convey  the  reconditioned  air  to  the 
rooms  being  serviced.   They  are  normally  round  in  construction  and  are  insulated  to 
prevent  heat  gain  or  heat  loss  betweeMhe  controlled  variable  and  the  system.  Each  of 
the  ducts  is  .supplied  with  a  balancing  damper  in  the  outlet  from  the  plenum  and  a  xjoom 
damper  in  the  outlet  extending  into  the  controlled  space.  The  balancing  damper  is  there 
to  insure  that  the  proper  amount  of  air  enters  the  controlled  space  to  achieve  the  desired 
condition. 

*  • 

THE  DUCT  OUTLETS.   Duct  outlets  in  each  room  contain  a  grill  device  to  uniformly 
distribute  the  pattern  of  airflow  to  achieve  maximum  results.   There  are  several  types 
of  outlets,  depending  on  the  design  desired  for  each  application. 

The  power  requirement  for  the  furnace  is  120V  ac  to  run  the  blower,  and  this  volt- 
age is  stepped  down  by  the  transformer  to  26v  at? for  the  control  circuit.  The  air  con- 
ditioner operates  off  of  240v  ac  single-phase  power  and  26v  ac  control  voltage  circuit. 


The  refrigerant  used  by  the  system  is  R^22. 


The  gas  used  in  the  furnace  burners  is  dependent  upon  local  gas  usage.   It  can  oper- 
ate on  natural  or  bottled  gas.   If  the  gas  type  is  changed,  the  Jets  in  the  burner  must.be 
changed  to  accommodate  the  new  type  of  gas.   The  trainer  is  using  natural  gas. 


Heating  System 


•  * 


The  heating_system  consists  of  a  gas-fired  furnace  rated  at  100,000  Btu  per  hour 
input  at  the  burner,  and  80,000  Btu  per  hour  output  into  the  controlled  space.   See  fig- 
ure 10  for  the  component  -locations. 

FURNACE  BODY  *  HEAT  EXCHANGER 

GAS  PRESSURE  REGULATOR  *  TRANSFORMER 

*  GAS  VALVE  *  FAN  SWITCH  % 

*  GAS  BURNER  *  LIMIT  SWITCH 
FAN  *  PILOT  VALVE 
FAN  RELAY  *    *  FILTER 
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Figure  10.  Gai- Fired  Furnace 
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THE  FURNACE  BODY.  It  consists  of  the  outside  shelf  and  the  stricter*!  members. 

THE  GAS  PRESSURE  REGULATOR.  This  regulator  is  a  diaphragm-type  gas  valve 
located  In  the- gas  inlet  line.  Its  purpose  is  to  supply  constant  gas  pressure  to  the 

burners. 

THE  GAS  VALVE,  The  gas  valve  Is  a  two-position  solenoid  vaive'and  Is  used  to 
control  the  flow  of  gas  \c  the  burners. 

THE  GAS  BURNERS.  The  burners  are  composed  of  cast  Iron  with  several  holes  or 
outletauevenly  distributed  along  their  length.  The  majority  of  gas  burners  are  the  Bun- 
sen  type  and  operate  with  a  noniumlnous  flame.  The  air  supply  must  be  adjusted  so  that 
all  of  tbCgas-is  consumed  in  the  combustion  chamber.  Unturned  gas  causes  carbon 
deposits  tb  eiog  up  the  heat  exchanger. 

THE  PAN.  It  is  of  the  centrifugal  forward  curved  type  and  draws  air  from  the 
re/urn  plenum  forcing  it  through  the  heat  exchanger  and  out  the  ducts  to  each  room. 

.  THE  HEAT  EXCHANGER.   The  heat  exchanger" conslstS'Of  two  completely  separate 
sections.   The  fire  is  produced  in  one  section  and  the  conditioned  air  is  passed  through 
the  other  section.  „  „  ,  * 

.  THE  TRANSFORMER.   The  transformer  has  a  primary  voltage  of  120v  ac  and  a 
secondary  voltage  of  26v  ac  and  a  capacity  rating  of  40v  amps.  It  supplies  the  control 
circuit  for  both  the  cooling  and  heating  cycle. 

THE  FAJN  SWITCH.  The  fair  switch  is  used  during  the  HEATING  CYCLE  ONLY. 
The  switch  has-a.  bimetal  element  that  closes  oh  a,rise  In  the  temperature.  The  bimetal 
.element  is  extended  into  the  heat  exchanger  to  sense  the  temperature  changes  and  cycle 
the  blower  fan? 

THE  LIMIT  SWITCH.5  This  switch  is  a  high  temperature  safety  device.   If  the 
temperature  inside  u>  heat  exchanger  exceeds  200°F ,  the  limit  switch  will  open  and 
cause  the  gas  valve  to  close  stopping  the  burner  flame.  • 

THE  PILOT  LIGHT*  There  are  two  type*  of  flame  safety  devices  activated  by  the 
pilot  light  flame.   They  are  the  thermocouple  and  thermopile.  When  the  thermocouple 
is  heated  by  the  pilot  flame,  the  thermocouple  produces  millivolts  that  energize  a 
magnet  coil  In  the  pilotstat.  With  the.  thermopile1,, the  millivolts  produced  provide  the 
current.  In  series,  to  the  gas  burner  control  circuit.   If'  the  pilot  light  goes  out,  the 
circuit  to  the  gas  valve  is  permanently  opened  and  cannot  be. reclosed  until  the  pilot  is 
reignited.   The  furnace  wiring*dlagram  is  shown  In  figure  11. 
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Figure  11.   Furnace  Wiring  Diagram 


Cooling  System 


The  cooling  system  consists  of  an  elecftrtcal  air  -conditioning  unit.  The  trainer  is 
a  Carrier  Model  28  GB4300.  It  has  a  3».  000  3tu  capacity.   This  size  unit  is  adaptable 
to  Cape  hart  or  Wherry  housing  unit?  found  on  most  bases.  It  can  adequately  cool  a 
floor  space  of  1 500  to  1800  square  feet.  This  figure  is  derived  from  the  general  rule 
of  thumb,  used  with  smaller  air-conditioning  systems,  that  one  ton  of  refrigeration  effect 
will  cool  600  square  feet  The  air  conditioner  is  divided  Into  two  major  sections.  The 
condensing  section  is  mounted  outside  of  the  house  on  a  concrete  slab,  and  the  evapora- 
tor section  is  mounted  in  the  supply  air  plenum  above  the  furnace  body. 
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The  condensing  unit  ia  really  very  simple  In  makeup  and  resembles  a  window  unit 
in  construction,  except  that  tha  evaporator  ien't  ihaida  tha  unit  body.  Compooants  con- 
ta«-ed  in  thaxeondanaing  unit  ara:  condanaar  coil,  compressor,  condenser  Ian  and  (an 
cwMU,  wiring  and  tubing.  Tha  evaporator  eecttan  constate  ot  tha  evaporatop 
coU  and  tha  f  EV  or  capillary  tu^bt,  depending  on  tha  typa  of  ma  taring  device  required 
by  tha  unit  ^ 

Tha  compraaaor  contain*  a  high-speed  harmatically  sealed  motor  and  ia  very  eff  i- 
c  tent  if  ail-proper  procedural  and  pracautiona  ara  followad.  A  crankcaaa  heatar  is  in-  • 
stalled  arounfi  the  compraaaor  body  to  keep  tha  oil  warm^thue,  keeping  the  liquid  re-  * 
f r  be  rant  boUed  out  of  the  oil  at  all  timet.  The  heater"  ia  connected  directly  to  the 
povter  circuit  and  ia  in  operation  at  all  times.  If  the  currant  flow  to  tha  heatar  la  in- 
terrupted, the  oil  must  be  reheated  the  same  length  of  time  aa  the  interruption,  up  to 
12  Hours.   The  heater  must  be  operated  12  hours  prior  to  startup  of  the  ays  tarn,  follow- 
ing, shutdown.  No  more  than  12  hours  are  required  to  heat  the  oil  at  any  time, 
n 

All  of  the  controls  are  located  in  the  control  panel  on  the  condensing  unit   By  re- 
moving the  control  panel  cover,  it  la  possible  to  see  everything  but  the  condenser  and 

fan.  .  "  •  ' 

The  unit  is  equipped  with  a  step-down  transformer,  but  in  this  application  it  is  not 
used.  The  control  voltage  la  drawn  from  the  tranaformer  of  the  furnace.  The-  same 
circuit  la  wired  in  series  with  the  dual -purpose  thermostat 

•  *  *  * 

Heating  and  Cooling  Thermostats  (Low  Volttge)  »  > 

Think  for  a  minute.   How  many  thermostats  have  you  studied  during  this  course  ? 
They  all  serve  the  same  purpose,  to  control  the  temperature  range  of  the  controlled 
variable.   The  thermostat  that  you  will  study  during  this  area  Of  instruction  la.  ihe  dual- 
purpose,  low -Voltage,  heating-cooling  thermostat  as  used  in  domestic  applications.     .  % 

Low-voltage  thermostats  operate  on  24  or  26v  ac  depending  on  the  current  load  and 
type  of  tranaformer  used.  In  homes,  wired  for  UOv  ac,  the  24v  ac  thermostat  is  used. 
Newer  homes,  wired  for  115-120v  ac,  provide  the  thermostat  with  28v  ac.  There  are 
several  styles  of  thermostats:  the  one  most  commonly  used  ia  the  type  which  places  the 
contactors  in  a  sealed  glass  bulb  containing  mercury,  see  figure  1Z.   The  bulb  is 
attached  to  the  sensing  device,  normally  a  bimetal  coil;  and  the  bulb  tllta.  in  response 
to  the  change  in  the  controlled  variable. 

* 

Anticipators 

•  , 

Since  low  voltage  temperature  thermostats  are  operated  solely  by  mechanical  action, 
they  are  not  too  sensitive.   This  results  in  wide  temperature  variations  in  the  controlled 
space,  in  both  the  heating  and  cooling  cycles  of  the  system.   To  compensate  for  the 
mechanical  action  and  to  increase  the  sensitivity  of  the  instrument,  a  device  known  as  • 
an  anticipator  is  added  to  the  thermostat 
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Figure  12.   Low- Voltage  Thermostat  Wiring  Schematic 

HEATING  ANTICIPATORS.  These  anticipator*  generate  a  small  amount  of  heat 
inaide  the  thermostat  during  the  heating  cycle.   The  bimetal  element!  senses  two  heat 
sources;  the  room  temperature  change,  and  the  temperature  change  emitted  by  the 
anticipator.  This  cause  §  the  circuit  to  be  broken  a  few  moments  before  the' room  tem- 
perature is  reached,  closing  the  gas  valve  and  shutting  off  th*  burners  in  the  furnace* 
Then  the  remaining  heat  in  the  heat  exchanger  is  discharged  into  the  rodm  which  raises 
the  temperature  to  set  point.  When  the  thermostat  calls  for  hfeat,  the  gas  valve  will 
again  open  and  the  burner  wlU  ignite  repeating  the  cycle  until  enoqgh  heat  is  produced 
to  satisfy  the  thermostat.  With  the  incorporation  of  the  Anticipator,  the  undesirable 
condition  of  wide  temperature  variations  between  cycles  is  Eliminated*   The, anticipator 
can  contain  the  room  temperature  to  -  3°F  differential  making  them  much  more  sensi- 
tive than  older  models  of  the  thermostats  on  the  market. 

Heating  anticipators  are  normally  adjustable.  Adjustment  Is  generally  accom- 
plished by  placing  the  wiper  arm  at  the  correct  resistance  value.  If  you  know  .the  cur- 
rent draw  of  the  gas  valve,  set  the  wiper  arm  at  that  point  If  the  current  draw  }s 
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unknown,  um  a  very  sensitive  ammttor  aod/detormine  the  amperage  draw.  V  the  aotaf - 
ipatcr  ha*  to  be  adjusted  by  trial  and  error,  move  thearm  ana  direction;  and,  tf  ahort 
cycling  occurl,  mova  it  In  the  other  direction  a  lltUt  at  a  time  until  sattsiactory  reeulfce 
are  obtainad.  . 

THE  COOLING  ANTICIPATOR.  The  cooling  anticipator  appears  as  a  f  bead  resistor 
in  the  thermostat  subbase.  <The  anticipation  function  is  the  reverse  for  the  cooling  cycle 
as  It  is  for  the  heating  cycle.  The  cooling  anticipator  la  active  only  during  the  OFF 
cycle,  and  It  is  wired  in  the  thermostat  circuit  in,  parallel  .with  the  power  srirce  (see 
figure  13).  During  the  off  cycle,  the  points  in  the  contactor  are  open,  so  current  taking 
the  path  of  least  resistance  will  divert  through  the  anticipator  and  produce  a  minute 
amount  of  heat  which  is  sensed  by  the  bimetal  cotf  in  conjunction  with  the  rise  In  the 
room  temperature.   This  small  amount  ol  heat  causes  the  thermostat  to  react  prior  to 
the  .temperature  in  controlled  space  getting  too  warm,  thus  allowing  the  temperature  ' 
differential  to  be  within  -  3°F.  ,  *     ■  * 

"V  •       .    ■  < 

'  Remember,  the  heating  anticipator  Is  wirqd  In  series  with  the  control  circuit,  and 
the  cooling  anticipator  is  wired  in  parallel  with  the  points  of  the  thermostat. 

—  § 

THERMOSTAT  SU  BBASE.   The  dual-purpose  thermostat  has  two  major  components; 
the  thermostat  and  the  subbase.  The  subbase  serves  as  a  receptacle  for  the  wiring  and 
the  cooling  anticipator.  v 

Installation  Requirements.   Thermostats  should  be  mounted  on  a  solid  inside  wall 
approximately  four  to  five  feet  above  the  floor.   There  should  be  conditioned  "pace  on 
both  -sides  of  the  wall.   The  wall  must  not  contain  hot  or  cold  pipes,  air  ducts,  or  chim- 
neys.  The  thermostat  must  be  installed  where  it  will  not  be  affected  by  drafts  from  out- 
side doors,  or  heat  rays  from  the  sun  or  appliances.     The  airflow,  preferably  the 
return  alr.yShould  be  sensed  by  the  thermostat. 

DO  NOT  ATTEMPT  TO  REPAIR  A  THERMOSTAT:  REPLACE  IT  IF  if  FAILS. 
The  time  spent  f  inding'parts  and  the  iabor  consumption  involved  in  the  repair  of  a 
thermostat  would  cost  more  than  the  new  thermostat. 

The  .furnace  wiring  diagram  as  shown  in  figure  13  includes  the  thermostat  and 
subbase  wiring. 
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Figure  13.    Furnace  Wiring  Diagram  A 
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QUESTIONS  •  . 

1 .  *  Define  air  conditioning. 

♦  % 

2.  List  four  uses  of  air-conditioning  equipment. 

3.  List  three  types  of  air-conditioning  systems  identified  in  this  study  guide. 

4.  What  type  of  condenser  is  used  on  the  residential  unit>  window  unit?  ' 

5.  What  are  the  two  most  common  types  of  metering  devices  used  for  air  conditioning  ? 

5.    What  is  the  purpose  of  insulation? 

7.  Name  the  six  types  of  insulation. 

8.  In  regard  to  air  conditioning,  what  is  the  prime  reason  asbestos  would  be  used 
and  to  insulate  what? 

V. 

9.  Why  is  styrofoam  such  an  effective  insulation? 

10.  What  Is  the  most  flammable  insulation  discussed  in  this  study  guide  ? 

11.  What  three  applications  are  fans  used  for?  f 

12.  Name  the  two  fan  classifications. 

13.  Name  the  three  axial  Tlow  fans. 

14.  Name  the  three  radial  flow  fan  blade  types. 

15.  What  is  the  normal  evaporator  temperature  of  an  air-conditioning  coil 
designed  to  maintain? 

16.  Why  is  a  centrifugal  slower  preferable  to  an  axial  flow  fan?  , 

17.  Name  the  controls  used  to  maintain  temperature. 

18.  Humidistats  are  devices  operated  by  r 


or 


19.    Name  the  pressure  controls  used  to  safely  operate  a  system. 


20.  How  are  filters  classified? 

21.  What  is  meant  by  filter  media? 

22.  What  is  a  viscous  media  filter? 

23.  Describe  the  principle  of  operation  of  an  electronic rfair  cleaner. 
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24.  What  use  does  ultraviolet  light  Mm  as^an  air  purification  device ? 

25.  A  filter  in*  the  intake  ofreturn  plenum  of  a  system  containing  carbon  granules 


would  be  used  to  control 


28.    Name  seven  components  identified  in  the  dual  system  of. the  residential  heating 
and  cooling  systems. 

27.    Name  10  components  Identified  on  the  gas-fired  furnace.  v 

28?    What  part-of  the  circuit  does  each  of  the  following  terminals  of  the  low-voltage 
thermostat  control  ? 


yellow   red  _ 

green   .white 
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AIR  FLOW  INSTRUMENTS 


OBJECTIVE 

This  study  guide  will  acquaint  you  with  the  various  types  of  air  .measuring  instru- 
ments, how  to  measure  the  rate  of  airflow,  and  how  to  determine  the  velocity  of  air. 

INTRODUCTION  -  ' 

One  of  the  functions  of  an  air-conditioning  system  is  to  deliver  the  proper  amount 
of  air  to  an  area  at  a  specific  time.  It  is  the  air -conditioning,  specialist's  job  to  know 
if  the  system  is  producing  properly.   There  are  several  instruments  on  the  market  that- 
will*  measure  the  velocity  of  the  air.  We  will  measure  the  velocity  of  the  air  using  some 
of  these  instruments.  There  ar%  two  basic  factors  that  determine  the  amount  of  airflow. 
The  velocity  or  rstfe  of  air  movement  and  the  area  that  it  must  pass  through.  When 
talkii^  about  velocity  we  use  the  term  "feet  per  minute  (fpm)." 

AIR  MEASURING  INSTRUMENTS 

*  There  are  three  types  of  instruments  commonly  used  in  the  field.   These  are  the 
anemometer,  inclined  manometer,  and  velometer.  All  of  these  instruments  are  em- 
ployed to  measure  the  velocity  in  fpm  of  airflow.   Readings  can  be  £aken  at  the  follow- 
ing locations:  Return  Air  duct,  Supply  Air  duct,  outside ^air  duet,  or  inside  the  duct 
svstem. 
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Anemometer 

The  anemometer  is  an  instrument  used  to  measure  air  velocity  in  linear  feet. 
This  meter  is  composed  of  the  fan  housing,  three  dial  faces,  and  the  propeller 
which  moves  at  the  rate  of  the  air  speed  turning  a  gear  mechanism  which  operates  the 
dials.   There  is, an  engaging  lever  arid  a  reset  lever  on  top  of  the  dial  face. 

In  using  the  anemometer,  we  normally 
take  readings  at  the  duct  face.   The  face 
should  be  divided  into  equal  6"  squares. 
U  the  duct  measured  2*C  x  18",  then  there 
would  be  four  6"  squares  across"  the  length, 
and  three  Q"  squares  across  the  height,  or 
a  total  of  (4  x  3  »  12)  equal  8"  squares  of 
surface*area  (see  figure  14). 

• 

At  each  of  these  six-inch  openings, 
the  anemometer  will  be  used  for  10  seconds. 
The  resulting  time  lapse  for  the  total  mea- 
surement is  exposed  as  elapsed  time  and 
is  obtained  by  multiplying  the  number  of  » 
equal  6"  squares  by  ten.   For  example: 
12  x  10^  120  seconds. 
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Figure  14. Calculating  Due  Surface  Area 
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>  )  To  operate  the  afiejnometer,  place  thV  instrument  into  the  stream  of  air  being  mea- 

sured.   Before  starting <  check  to  be  sure  that  your  hands  are  cupped  around  the  meter 
in  such  a  way- to  prevent  obstructing  the  airflow  through  the  meter.   Allow  the  propeller 
to  reach  maximum  speed,  then  trip  the  engag)ng  lever  and  hold  it  in  the  same  location* 
for  10  seconds,  then  move  to  the  next  are&U)  yntil  all  of  ther 6M  areas  have  been  mea-  , 
sured  and  trip  the  lever  lo  the  OFF  position^  * 

In  reading  the  anemometer,  suppose  you  held  th$  instrument  in  the  air  stream  for 
120  seconds.    The  reading  on  the  dials  would  read  in  the  following  sequence: 

1.    Left  dial  reading  J 

2*    Right  dial  reading 

3.    Center  dial  reading 

If  the  indicator  on  the  two  smaller  dials  is  between  any  two  numbers,  take  the  read- 
ing of  the  lesser  number  and  read  the  large  dial  exactly  as  indicated  (see  figure  15). 

In  figure  15,  the  left  dial  reading  would  be  8000,  the  right  dial  reading  would  be  300, 
and  the  center  dial  reading  would  be  80.   Therefore  combining  the  numbers  into  proper 
sequence,  the  resulting  anemometer  reading  would  be  8380. 
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PROPtLUtO 
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ANCMOMCTER 
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figure  15.   Anemometer  Reading  (AR) 
The  following  formula  is  used  to  convert  the  anemometer  reading  to.  fpm  velocity: 


fpm 


Anemometer  Reading  (AR)  X  60 
Elapsed  Time  (ET) 


*   To  figure  the  fpm  of  ouTsample  problem,  the  answer  would  be 


AR  X  60        8380  X  60 
fpm  3  — — —  or 


8080 


ET 


120 


=  4190  fpm 
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Inclined  Manometer 

the  manometer  (amily  of  air  measuring  instruments  contains  various  types  and 
styles;  however  we, will  limit  the  study  of  manometers  to  one  type,  the  inclined  manom- 
eter.  The  manometer  is  used  to  measure  the  pressure  of  air  in  InchesX  Water.  Within 
the  duct  system  we  find  two  predominant  pressures,  static  and  velocity^  Static  pressure  % 
is  the  outward  pressure  of  air,  in  all  directions.   Velocity  pressure  is  the  force  exerted 
by  the  movement  of  air  in  the  direction  of  flow.  Often  it  is  impossible  to  get  the  manom- 
eter into  the  airstream  to  measure  the  pressure,  so  the  pitot  tube  was  developed  to 
allow  access  to  the  internal  sections  of  the  duct  in  hard-to-get* to  areas.   In  reality  the 
pitot  tube  is  a  tube  within  a  tube  as  indicated  In  figure  16. 


VtLOOTv  PRESSURE 


aip  no* 


STATIC  PRESSURE 


VELOCITY  PRESSURE 
* 


1*  *Q  J« 


\ 


Figure  16.    Pitot  Tube  and  Manometer  Installed 


The  pitot  tube  is  inserted  into  the  airstream  and  velocity  pressure  goes  into  the 
center  of  the  assembly  to  the  manometer,  forcing  the  oil  column  in  the  mrfter  downward. 
The  static  pressure  enters  the  small  ports  surrounding  the  tube  to  the  manometer  forc- 
ing the  column  of  oil  in  the  meter  tube  upward.   The  velocity  reading  is  taken  on  the 
adjustable  scale  where  the  oil  level  stabilizes.  < 

The  pressure  indicated  on  the  manometer  Is  known  as  pressure  of  velocity.   It  is 
represented  as  PV  in  the  conversion  formula  used  to  convert  pressure  into  feet  per 
minute.   To  convert  pressure  of  velocity  into  fpm,  the  following  formulas  will  be 

applied: 

fpm  =VPV  X  4006 
fpm  -  the  m  Tiber  of  feet  of  air  which  will  pass  through  a  duct  area  in  one  minute 
symbolizes  square  root 
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PV  •  pressure  of  velocity  as  read  on  the  inclined  manometer 
X  -  multiplied  by  *  » 

4005  •  lit  constant  and  Is  based  on  the  velocity  of  standard  air. 

Now,  let's  see  how  the  formula  works.  Assume  the  velocity  pressure  reading  of  .  25 
has  been  obtained  with  the  manometer. 

fpm  -  "OTx  4005  *  .5  X  4005  *  2002.5 

Velometer 

The  velometer  is  a  rugged  mechanical  system,  soundly  engineered  for  very  concise 
readings.  Inside  the  meter,  air  impinges  on  an  aluminum  vane  moving  the  pointer. 
This  vane  travels  in  a  calibrated  air  chamber  or  tunnel  constructed  to  be  airtight  to 
provide  a  desirable  scale  distribution.  The  moving  system  is  balanced  by  counterweights 
to  provide  accuracy  in  all  positions.   The  moving  system  is  equipped  w>th  bronze  hair- 
springs and  moves  on  monel  pivots  which  ride  in  sapphire  jewel  hearings.  Some  velo riv- 
eters are  equipped  with  filters  to  protect  them  from  extreme  dust  conditions.  When  a 
filter  is  supplied  with  the  instrument;  the  filter  is  an  integral  part  of  the  Instrument  and 
must  be  used.  If  the  filter  is  left  out,  the  instrument  will  give  a  false  reading. 

To  measure  velocities  at  supply  openings,  attach  the  proper  Jet  by  means  of  the 
appropriate  tube  and  tube  fittings.  To  determine  the  average  velocity  mentally  divide 
the  opening  into  a  number  of  equal  areas.  ■  Take  a  reading  at  each  of  the  areas  and  aver- 
age the  readings.  There  4s  no  exact  rule  fer  the  exact  number  of  readings  that  must  be 
taken,  but  the  more  that  are  taken,  the  more  accurate  the  average,  and  it  is  recom- 
mended that  a  minimum  of  six  readings  be  used. 

To  measure  the  air  velocity  at  the  suction  opening,  connect  the  proper  jet  by  means 
of  the  tube  and  tube  fittings  to  the  right-hand  port  of  the  meter.  While  taking  the  read- 
ings, hold  the  jet  so  that  it  is  perpendicular  and  the  tip  is  in  the  same  plane  as  the  open- 
ing. This  is  very  Important  because  the  velocity  changes  very  fast  in  front  of  a  suction 
opening/  To  measure  velocities  inside  of  ducts,  use  the  duct  jet  called  for  in  the  man- 
ual of  instructions.  The  duct  jet  should  be  Inserted  into  the  left-hand  port.  Read  the 
scale  marked  with  the  same  number  of  Jet  being  used. 

Calculating  Cubic  Feet  per  Minute  (cfm) 

After  establishing  the  fpm,  the  cfm  can  be  established  using  the  formula: 

cfm  -  fpm  X  duct  area  (sq  ft) 

i 

Once  the  cfm  ha*  been  established,  we  can  calculate  the  pounds  of  air  changed  per 
minute  In  the  space  being  considered. 

cfm 

lbs  of  air  »   —  r         or  cfm  x  »P»cuUc  density 

specific  volume 

NOTE:  Remember  If  no  means  is  provided  for  finding  specific  volume, 
use  the  value  for  standard  air  which  is  13. 5  cu.  ft.  Specific 
density  for  standard  air  is  .  075. 
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BALANCING  AIR  CONDITIONING  SYSTEMS  N 

S   Air  conditioning  systems  are  designed  to  condition  the  air  within  the  system  and 
then  to  dltlribute  this  treated  air  to  the  proper  place,  in  the  proper  amounts,  and  with 
the  least  possible  annoyance  to  the  consumer  of  the  conditioned  air. 

use  of  Air  , 

.  Im air- conditioning  practice,  as  air  is  paassd  through,  the  unit,  it  is  heated  or  cooled, 
humidified  or  dehumidified,  cleaned,  end  then  distributed  to  places  where  it  is  needed. 
An  air-conditienlng  unit,  regardless  of  its  efficiency,  and  its. site,  would  be  handicapped 
if  the  air  could  not  be  properly  distributed.  It  is  Important  that  the  air  distribution  be 
accurately  proportioned  to  the  need  and  adapted  to  the  apparatus  In  which  it  is  to  be 
used.  The  distributed  air  must  be  clean,  provide  the  proper  amount  of  ventilation,  and 
must  carry  enough  iirat  to  keep  the  conditioned  space  warm  or  must  be  able  to  absorb 
enough  heat  to  cool  V*  conditioned  spaces. 

Stratification  of  Air 

Air  in  an  occupied  space  must  be  kept  moving,  or  stagnation  or  stratification 
results.  Warm  air  tends  to  rise,  cold  air  tends  to/  settle.  In  a  room  where  the  air  is 
not  deliberately  moved,  the  air  will  assume  levels  according  to  temperature. 

It  is  important  to  locate  all  automatic  thermostats  and  humidistats  at  the  proper 
level  because  of  this  stratification.  Also,  stratification  tends  to  make  smoke  haze 
hover  in  layers. 

i 

Unfortunately,  some  grilles  are  so  located  that  the  air  wilj  be  moved  only  in  certain 
parts  of  the  room  and  the  air  will  become  stagnant  in  other  parts  of  the  room.  There  is 
also  the  problem  of  the  obstruction  to  the  air  movement  caused  by  the  furnishings  of  the 
room.  For  this  reason,  and  to  enable  higher  grille  velocities,  some' grilles  are  located 
high  in  the  room  (6  feet  or  more),  and  some  are  located  in  the  ceilings.  These  high 
grille  locations  necessitate  that  the  grilles  be  attractive  in  appearance  or  concealed. 
This  is  called  a  diffusion  grill  because  its  design  promotes  mixing  of  some  of  the  room 
air  with  the  entering  air. 

Air  OuctS 

To  deliver  air  to  the  conditioned  space,  air  carriers  are  needed.  These  carriers 
are  called  ducts.  The  ducts  are  made  of  sheet  metal  or  some  no  incombustible 
structural  material. 

The  ducts  work  on  the  principle  of  air  pressure  difference.  If  a  pressure  difference 
exists,  air  will  move  from  the  higher  pressure  to  the  area  oL  lower  pressure.  The 
greater  the  pressure  difference,  the  faster  the  air  will  flow. 

Two  shapes  of  ducts  commonly  used  for  carrying  air  are:  (1)  round  duct,  (2)  square 
or  rectangular  duct.  The  round  duct  is  the  more  efficient  based  on  volume  of  air 
handled  per  perimeter  distance  (distance  around).  That  Is,  less  duct  material  is  needed 
to  make  .a  large  enough  duct  to  carry  the  necessary  air. 
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The  square  or  rectangular  duct  harmonises  with  building  construction  and  fits  into 
walls  and  ceilings  better  than  round  ducts.  It  is  easier  to  install  rectangular  ducts 
between  Joists  and  studs. 

Ducts  Sires 

To  determine  the  size  duct  that  should  be  used  to  carry  air  to  a  room,  it  is  . 
necessary  to  first  find  the  volume  erf  air  that  is  to  be  delivered  to  the  room. 

This  volume  of  air  depends  on  the  amount  of  heat  the  air  must  deliver  to  the  room  « 
during  the  heating  season,  or  the  amount  of  heat  to  be  removed  during  the  cooling 
season.  v  * 

Determining  Air  Quantities 

To  determine  the  proper  air  quantities  to  each  room  there  are  certain  things  that 
must  be  known: 

v   1 .    Specific  heat  of  air 

'■3 

2.  Weight  of  air 

3.  Temperature  difference  between  supply  and  room  temperature 

4.  Total  Btu's  of  the  conditioned  space  ^ 

The  specific  heat  of  air  is  the  amount  of  heat  required  or  released  to  change  the 
temperature  of  one  pound  of  air  1°F.  The  specific  heat  pf  air  is  .  24  Btu's/Lb/Deg.  F. 

The  weight  of  air  is  derived  from  the  definition  of  standard  air,  which  is  one  pound 
of  dry  air  at  70°F,  which  occupies  13.34  cubic  feet,  one  cubic  foot  has  a  specific  density 
(weight)  of  .075  at  atmospheric  pressure  of  14.7  psia  or  0  jage,  at  sea  level. 

Now  that  we  know  what  the  specific  heat  of  air  and  the  specific  density  or  weight  of 
standard  air  is,  we  can  compute  the  CFM  required  for  each  room  by  using  the  formula: 

Room  Heat  Load  (Btu's/ HR) 
CFM"  1.0ft  JcTD   

Room  load  will  be  found  during  heat  load  estimating,  normally  done  by  engineers. 
The  temperature  difference  (TD)  would  depend  on  the  design  conditions.  The  1.08  is 
derived  from  multiplying  the  weight  of  one  cubic  foot  of  standard  air  (.  075)  times  the 
specific  heat  of  air  (.24).  This  will  give  you  the  amount  of  heat  the  air  is  capable  of  • 
absorbing  in  one  minute.  We  then  multiply  this  times  the  number  of  minutes  in  one 
hour  (60),  which  gives  us  our  1 . 08,  the  heat  absorbing  capability  of  air  in  one  hour. 
Then  by  multiplying  times  our  design  temperature  difference  then  dividing  into  our  room 
load  will  give  us  our  Cubic  Feet  Per  Minute  (CFM)\required  to  maintain  desired  room 
temperatures. 
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SUMMARY 

Air  velocity  can  be  measured  with  an  anemometer,  manometer,  or  *elom«*er. 
After  veloc^y  2  £w l**  *  matter  to  determine  the  eta  and  pound,  per 

minute  of  air  being  changed  in  the  space  involved. 

QUESTIONS  * 

1 .  What  does  the  anemometer  read  ? 

2.  Write  the  following  equations  for  the  Anemometer,  Velometer,  and  Manometer. 

i 

\.       a.    (pm'=*  .  Y, 

<  .} 

b.^cfm  ■  «  J 

3.  *A  duct  opening  measures  36"  by  48",  what  is  the  ET  when  usmg  an  anemometer? 

4.  when  is 'a  pitot  tube  used  with  a  manometer?  - 

5.  What  is  velocity  pressure? 

6.  What  is  static  pressure  ?  •  •  " 

7.  On  a  velometer  equipped  with  a  fitter,  what  would  occur  if  the  filter  were  not  used? 

8.  If  air  in  a  conditioned  space  is  not  kept  moving  what  may  occur  ? 

9.  Air  ducts  work  on  whafjjjxinciple? 

10.    What  are  the  two  most  common  duct  designs? 
JLI.    What  is  meant  by  specific  heat  of  air?  ^ 

12.    in  the  formula  for  determining  CFl^ayflow  balancing  what  does  the  1. 08 
represent? 


» / 
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SG  3ABR54530-VUI-3 
PSYCH  ROM  ETRICS  .'  £ 

.  OBJECTIVE 

This  study  guide  and  related  material  will  aid  you  in  gaining  knowledge*  al  payehro- 
metrics  as  related  to  air  conditioning  and  will  provide  practical  experience  in  the  use 

of  the  psychrometric  chart. 

y 

INTRODUCTION 

For  the  air-conditioning  specialist  to  properly  analyze  his  equipment  he  should 
know  about  the  conditions  that  he  is  trying  to  control.  ISlnce  air  js  the  prime  medium 
used  to  cool  or  heat  the  controlled  space,  it  stands  to  reason  the*apecialiat  should  be 
well  aware  of  the  air  that  he  is  trying  to  control.   This  v>  done  by  an  ahalj|la  of  the  , 
conditions  and  properties  that  air  contains.      '  — t 

\ 

PSYCHROMETRICS 

Air  is  the  primary  medium  that  is  used  to  control  the  conditions  In*  the  controlled  ■ 
space.   Air  can  be  used  to  control  the  humidity  and  temperature  for  three  general  uses; 
personnel  or  comfort  cooling,  equipment  cooling,  and  process  cooling.  New  applica- 
tions for  air  conditioning  are  continually  being  found.  , 

The  purpose  of  air  conditioning  is  to  cdntrol  temperature,  humidity,  and  the  ■. 

circulation  of  the  air.  %  • 

The  field  of  psychrometric  study  is  a  breakdown  of  the  various  properties  contained 
in  the  air  and  a  graphic  analyslsof  the  air  conditions.   If  the  specialist  understands  all 
he  can  about  the  air  being  used,  Jhe  understanding  of  the  equipment  operation' becomes 

more  realistic.  **  /  j 

Psychrometrics  is  defined  as  the  study  of  air  and  its  related  properties.  As  you 
know,  air  contains  some  moisture  (humidity).  However,  let  us  consider  the  other  prop- 
erties relating  to  graphic  analysis  of  moisture-laden  air.   Air  is  a  mixture  of  highly 
superheated  gases.   About  78  percent  of  the  air  Is  nitrogen,  21  percent  oxygen,  and  the 
remaining  one  percent  Is  composed  of  minute  quantities  of  other  gases  such  as  carbon 
dioxide,  argon,  neon,  ozone,  hydrogen,  helium*  and  krypton.  Ml  of  these  form  the  air 
that  we  breathe,  and  use  for  air  conditioning.  Air  exerts  a  force  of  1*.  7  pels  on  the 
surface  of  the  earth  at  sea  level.  Air  and  water  vapors  are  mixed,  occupying  the  same 
space  and  following  Dalton's  law  of  partial  pressures,   "The  pressure  of  a  mixture  is 
the  sum  of  the  partial  pressures  of  the  constituent  gases. . .  "  Vapor  pressures  are 
regulated  by  the  movement  of  the  molecules  at  the  surface  of  the  substance.   For  ex- 
ample, water  at  a  temperature  of  212  F  has  a  vapor  pressure  of  14.  7  psia. 
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Temperature  of  the  Air 


Temperature  la  the  measurable  heat  contained  in  a  volume  of  air,  read  In  degrees. 
It  can  be  expressed  as  degrees  Fahrenheit  or  Centigrade,  depending  on  the  scale  being 
used.  In  the  psychrometrlc  analysis  such  temperatures  as  dry  bul*j,  wet  bulb,  dewpolnt. 
saturation,  and  apparatus  dewpolnt  temperatures  will  be  considered. 

Humidity  of  the  Air 

Humidity  is  me  moisture  vapor  contained  in  the  air.   There  is,,  generally  speaking, 
two  humidity  expressions:  specific  humidity  Is  the  actual  moisture  contained  In  the  air 
or  the  grains  ofenolsture  content;  the  relative  humidity  is  an  expression  of  the  specific 
humidity  In  relation  to  the  volume. 

Heat  Content  of  the  Air 

This  term  refers  to  the  heat  contained  In  a  given  condition  of  air.  It  is  measured 
In  British  thermal  units  (Btu).    It  is  also  expressed  as  the  enthalpy.   Remember,  that 
a  Btu  is  the  amount  of  heat  required  to  raise  the  temperature  of  one  pound  of  water  one 
degree  Fahrenheit.   Based  on  this  standard  are  other  standards  such  as  one  ton  of  refrig- 
eration. We  know  that  it  will  take  one  ton  of  ice  24  hours  to  change  from  32°F  ice  to 
32T"  water,  and  that  it  will  absorb  288,000  Btu  during  that  time.  This  means  that  Btu 
wejfe  absorbed  at  the  rate  of  12^000 /nr.  200/min,  or  3.  33/sec.   Any  of  these  values 
means  one  ten  Of  refrigeration. 

Volume  of  the  Air  .  •        .  * 

Air,  as  any  subs Unc 4,  must  occupy  space.   This  space  is  volume,  and  is  expressed 
In  cubic  feet   The  volume:  of  air  will  vary  with  the  heat  contained  in.  the  air.   As  the 
temperature  increases  set  does  .the.  volume,,  provided  room  for  expansion  exists.  If 
there  Is  no  room  for.  expansion,  the  pressure  will  Increase  due  to  the  limitations 'im - 
posed  by  the  containing  deviceV 

In  the  case  of  unconflned  air,  the  pressure  remains  constant.  The  air  volume 
changes  with  the  heat  content.  A  volume  of  air  contracts  or  expands  1/460  of  its  volume 
at  0°F  for  each  degree  of  temperature  change.  If  absolute  zero  (746Q.°F)  was  reached,  * 
the  volume  would  shrink  to  zsro  as  well.  Although  this  Is  strictly  theoretical  and  has 
never  been  achieved,  ,it  does  paint  oat  the  Relationship  of  temperature  to  volume. 
Specific  volume  is  the  number  of  cubic  feet  of  air  that  intakes  to  weigh  one  pound. 

Weigh4,  of  the  Air  $ 

If  the  air  has  all  of  the  foregoing  properties,  then  it  must  be  concluded  that  it  has 
weight.  This  weight  is  referred  to  as  specific  density.  The  psychrometrlc  chari  will 
provide  the  basis  for  computing  the  density.  The  specific  votunfc  is  known  as  cubic  feet 
of  air  per  pound  of  dry  air.  The  weight  of  the  air  is  dependent  on  the  amount  of  mois- 
ture contained  in  the  air  and  we  will  use  the  constant  of  one  (1)  which  is  divided  by  the 
specific  volume  obtained  from  the  chart.  If  the  S.  V.  is  13, 5  cu  ft  then  the  S.  D.  will 
be  .  075. 

.075 

13.5/T    "  ( 
It  can  be  noted  that  as  the  specific  volume  Increases,  the  density  of  the  air  will  decrease. 
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Psychrometrk  Chart  /  f 

Tht  Chart  is  the  tool  used  to  analyst  tht  rtlattennWp  of  tht  proptaUst  ol  the  air. 
Tht  specialist  should  master  at  least  tht  mtantef  of  tht  chart  in  ordtr  to  properly  unotr- 
tht  air  the*  la  being  cooUittootd.  * 

.    Tht  rtlationehlps  of  tht  prdjtrtita  *  tht  air « l^**"*  U*!!!^.^ 
psychromctric  chart  aa  a  series  of  lines  and  curves  that  havt  -been  sctenttfically  formu- 
lated to  ahow  tht  wholt  ptchirt  of  tht>%  bth%  studied. 

'     Tht  comparison  of  tht  Unts  and  curves  at  lata  rate  tint  potato  tfmewatos  on  thy 
chart  gives  ut  a  vtry  comprehensive  analyst  of  the  air  being  £«M1 Mow 
condition  may  appear  on  tht  chart  to  giv*  ut  more  accurate  analysis  and  true  operation 
of  the  system  in  consideration. 

.  Sling  Psychrometar 

Tht  •ling  psychrometor  la  tht  instrument  that  is  most  often  used  to  obtain  tl.e 
basic  values  needed  to  work  a  peythrometrtc  problem.  Tht  sling  psychromtter  (tee 
figure  17)ls  an  instrument  that  is  very  basic  in  deeign  and  ^'^.J™?*™ "J?^ 
standard  thermometers  mounted  on  a  holder  with  provtelone  for  me  de^ce  *  **T^£* 
in  the  air.  One  of  the  thermometers  has  a  sock  attached  to  tee  *lb« 
in  distilled  water  prior  to  slinging  of  the  instrument.  The  slinging  of  «•  ^^^V 
will  pick  up  two  temperatures.  One  is  ambient  or  dry  bulb  temperatuce;  tht  second, 
wet  bulb  temperature. 


The  operation  of  the  peychromettr  is 
very  simple.   The  wet  bulb  soCk  Is  satu- 
rated with  distilled  water  (because  there 
.are  no  mineral  deposits  in  the  water  that 
will  form  residual  scale  deposits  follow- 
ing evaporation).  Then  the  instrument  is 
whirled  in  front  of  the  individual  for  about 
30  seconds,  read  and  then  whirled  for  an- 
*>ther  15-30  seconds  and  read  a  second 
time.  , 

During  this  process  air  passing  through 
the  sock  causes  evaporation:  The  evapora- 
tion will  cool  tht  temperature  of  the  wet 
bulb  thermometer  below  the  dry  bulb  temp- 
erature, depending  on  tht  amount  of  mois- 
ture that  U  in  the  air  being  measured.  The 
drier  the  air,  the  higher  the  evaporation 
rate .  The  second  reading  helps  insure  that 
the  maximum  evaporation  rate  was  attained. 

If 

The  difference  between  wet  bulb  temp- 
erature and  dry  bulb  temperature  is  known 
is  wet  bulb  depression. 
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Figure  17  .\  Sling  Psychrometor 
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Psychrometrie  Chart  Scales 

.  One*  the  dry  bulb  temperature  and  wet  bulb  temperature  have,  been  obtained,  we 
*an  then  begin  the  plotting  procedure.  In  order  to  know  what  we  are  doing,  the  scales 
that  are  reed  on  the  psychromatric  chart  are  the  flret  point  of  identification  on  the  chart. 
The  psychrometrie  chart  contains  lines  and  curves  which  have  corresponding  scales 
and  are  read  at  intersecting  points.  , 

<-      *  '  .  ' 

■»  ,4 

In  figure  18,  the  lines  and  scales  are  identified,  then  the  later  figures  that  accom- 
pany the  tetms  and  definitions  will  pojnt  out  the  names  of  the  lines  corresponding  to 
each  set  of  scales.  There  are-  basically  five  sets  .of' scales  that  are  used  on  the  pey- 
chrometric chart  Some  of  the  readings  will  be  scale  differential  readings. 

> 

•  %   .     PQUNOS  OF  MOISTURE 
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Figure  18.   psychrometrie  Chart  Scales  1 
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TERMS,  DEFINITIONS  AND  PLOTS 
Dry  Bulb  Temperature  (D  B  ) 

Dry  bulb  temperature  Is  the  ambient  air  temperature  read  on  a  standard  thermom- 
eter.  Dry  bulb  plots  will  appear  on.  the  vertical  lines  of  the  chart  which  correspond  to 
the  dry  bulb  scale  located  along  the  bottom  of  the  graph.  Dry  bulb  is  plotted  by  locating 
the  Indicated  condition  on  the  scale,  and  drawing  a  vertical  tine  corresponding  to  the 
temperature  value  as  shown  by  the  heavy  line  In  figure  19. 


MO 
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Figure  19.   Dry  Bulb  Line 

\ 

Figure  19  is  a  representative  sketch  of  the  dry  bulb  temperature  portion  of  a 
psychrometric  chart.   A  complete  psychrometric  chart  has  a  vertical  line  for  each 
degree  of  temperature.   Usually,  every  fifth  line  is  numbered  with  its  corresponding 
temperature.  Th*  common  range  for  a  psychrometric  chart  is  from  about  20  F  to 
105*F    This  type  of  arrangement  makes  it  simple  to  plot  any  dry  bulb  temperature  or 
the  chart  to  the  nearest  degree.  The  remaining  figures  in  this  series  are  also  sketci.es 
and  do  not  include  all  the  lines  on  the  psychrometric  chart. 
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Wet  Bulb  Temperature  (W  B  )  " 

Wet  bulb  temperature  Is  the  temperature  at  which  air  ceases  to  be  cooled  by  the 
proceeeof  evaporation.  Wet  bulb  temperature  is  determined  by  the  sling  psychrometer 
previously  described  in  this  section.  Keep  la  mind  that  the  sling  psychrometer  can  only 
be  used  effectively  if  the  ambient  temperature  is  above  32°F  because  the  f reeling  point 
of  water  is  any  temperature  below  that  point'  You  will  notice  the  slope  of  the/psychro~ 
metric  chart  changes  to  smaller  Increments  as  temperature  drops  in  intensity.  Wet 
bulb  temperature  is  plotted  frdm  the  temperature  values  given  on  the  saturation  or  wet 
bulbSBcale.  To  plot  a  Wet  bulb  temperature,  start  with  the  corresponding  temperature 
reading  on  the  wet  bulb  scale.  The  wet  bulb  temperature  is  plotted  on  t*/  diagonal  line 
that  extends  to  the  right  and  downward  from  the  wet  bulb  scale.  A  wet  bulb  plot  is  shown 
by  the  heavy  line  in  figure  20.  It  is  not  necessary  to  extend  the  wet  bulb  Line  past- its 
intersection  with  a*  previously  plotted  dry  bulb  line. 
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Figure  20.  Wet  Bulb  Line 
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Relative  Humidity  ('?  RH) 


y/6 


Relative  humidity  is  the  ratio  of  the  amount  of  moisture  n  the  air  compared  to  what 
it  could  hold  at  the  same  temperature. 


It  is  a  percentage  expression  of  the  grains  of  moisture  contained  in  the  air.  Rela- 
ve  humidity  \a  read  on  or  between  the  curved  lines  on  the  psychronWric  chart  that 
r respond  approximately  to  the  saturation  curve  at  the  point  of  Intersection  of  the  wet' 
bulb  and  dry  bulb  lines.   They  are  valued  from  0-100  percent.   The  saturation  curve  Is 
the  100  percent  R.  H.  line.   Relative  humidity  is  read  at  the  point  of  intersection  of  the 
dry  bulb  and  wet  bulb  lines  (figure  21). 


-    Figure  21.  ^  Relative  Humidity 
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(     Dewpolnt  (DP) 


Dewpolnt  or  saturation  temperature,  both  terms  mean  ihe  iame.  -  fltewpolnt  or 
saturation  temperature  Is  the  temperature  that  wiU  allow  mdlsture  to  condense  on  a  sur- 
face. This  Is  exemplified  by  the  droplets  of  moisture,  called  dew  found  on  the  grass  in 
the  warmer  months ,  or  bj  the  frown  dew  (frost)  In  the  winter  montiis*  Windows  or 
containers  that  sweat  have  an  extreme  of  temperature  on  each  side  of  th^surtece  and 
are  examples  of  dewpolnt  temperature  Being  reached,  Dewpolnt  is  plotteVonlhe  hori- 
zontal line  of  the  pay  chrome  trie  chart  that  extends  from  the  point  of  &RH  to  the  satura- 
tion curve  and  the  value  is  read  at  the  point  of  intersection  with  the  curve  (see  figure  22). 


Figure  22.   Dewpolnt  Line 
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Heat  Content  or  ^nthalpy 


Both  terms  mean  the  same.  Heat  content  is  the  measure  at  the  Btu  contained  In 
one  pound  of  dry  air.  Heat  content  is  plotted  by  extending  the  -wet  bulb  line  through  the 
saturation  curve  to  the  heat  content  or  enthalpy  scale  located  located  to  the  left  of  the 
saturation  scale.  Head  the  Btu  value  at  the  point  the  extended  wet  bulb  line  intersects 
the  heat  content  scale  as  shown  in  figure  23. 


Figure  23.   Heat  Content  Jiine 
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Grains  of  Moisture  (GM) 

Grains  of  moisture  or  specific  humidity— both  terms  mean  the  same.  Grains  of 
moisture  or  specific  humidity  is  the  unit  of  measurement  expressing  the  actual  amount 
of  moisture  contained  in  one  pound  of  dry  air.  Relative  humidity  can  be  determined  from 
this  measurement,  but  you  use  %  RH  to  determine  grains  of  moisture.  A  grain  of  mois- 
ture Is  about  the  same  as  a  drop  of  water.  A  pound  of  water  (about  1  pint)  contains  7,000 
grains.  To  plot  grains  of  moisture  contained  per  pound,  draw  a  horizontal  line  from  the 
point  of  %RR  to  the  grains  of  moisture  scale  and  read  the  intersecting  value  on  the  chart 
(see  figure  14).  i 
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Figure  24.   Grains  of  Moisture 


7 


4?" 


42 


Specific  Volume  (SV) 

Specific  volume  is  the  number  of  cubic  feet  of  air  required  to  weigh  one  pound. 
The  specific  volume  lines  appear  as  diagonal-parallel  lines  extending  from  the  satura- 
tion curve  to  the  dry  bulb  scale.  There  are  five  of  these  lines  and  they  have  a  corre- 
sponding value  of  12.  5  cu  ft  thru  14. 5  cu  ft  reading  from  left  to  right  (see  figure  26). 
To  plot  specific  volume,  draw  a  line  parallel  to  the  established  specific  volume  lines 
from  the  point  of  %  RH  to  the  dry  bulb  scale. 

,  To  read  specific  volume  plots,  start  with  the  specific  volume  Line  to  the  left  of  the 
new  plot.   For  every  degree  Fahrenheit  graduation  on  the  dry  bulb  scale,  add  .025  until 
you  reach  the  new  line  that  you  drew.   Each  group  of  four  graduations  will  increase  the 
specific  volume  .  1  cu  ft   Five  groups  of  four  graduations  will  raise  the  volume  .  5  or  to 
the  next  established  line  of  the  chart  (see  figure  27). 
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Figure  26.    Specific  Volume  Lines 
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Standard  Air 


Figure  27.  Specific  Volume  Scale 


Standard  air  is  one  pound  of  dry  air 
at  70°F,  at  atmospheric  pressure  (14. 7  psia) 
which  occupies  13.  34  cu  ft  and  has  a  specific 
density  of  .  075  at  sea  level  (see  figure  28). 

This  standard  is  used  as  a  guideline 
for  the  manufacturers  of  coils,  fans,  and 
other  air -conditioning  equipment.  Prac- 
tically all  substances  will  contract  or  ex- 
pand with  temperature  variations.  Fig- 
ure 28  is  a  graphic  illustration  of  the  con- 
ditions involved  when  speaking  of  standard 
air. 


14  7  PSIA 


70  *F 


075*OENSiTY 


13  34  CU  FT 


I  LB  OF  AIR 
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Figure  28.    Standard  Air 
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Pounds  of  Moisture 


Pounds  of  moisture  per  pound  of  dry  sir  is  the  weight  of  the  grains  of  moisture 
contained  in  one  pound  of  dry  air.  It  is  determined  by  drawing**  horizontal  line  from 
the  grains  of  moisture  plot  to  the  pounds  of  moisture  scale  and  reading  the  correspond* 
ing  value  at  the  point  of  intersection  with  the  scale  (see  figure  25). 
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Figure  25.    Pounds  of  Moisture  Line 
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Figure  29.    Psychrometric  Plot 

At  this  point  we  have  defined  the  lines  and  the  scales  that  we  will  use  on  the  chart 
Figure  29  shows  a  composite  of  the  lines  discussed  and  the  relationship  of  the  various 
lines  and  scales  to  each  other.  This  figure  shows  only  a  tingle  plot,  but  psychrometric 
analysis  will  involve  two  to  four  plots  in  order  to  compare  all  of  the  temperatures  and 
properties.  ' 

To  have  a  good  comparative  analysis  of  the  air,  we' must  be  able  to  Identify  the 
various  names  given  to  the  air  as  it  goes  through  the  system.  Air  at  outside  conditions 
Is  called  Outside  Air  (OA).  It  is  introduced  into  the  system  through  the  ducts  and  var- 
ious plenums,  taking  ori  other  names  during  its  travels. 

S\x>ply  Air  (SA)  (air  leaving  coil)  Js^The  air  that  is  cooled  to  the  final  desired  condi- 
tion and  supplied  to  the  controlled  space.  As  it  is  recirculate*  into  the  return  duct,  it 
becomes  Return  Air  (RA)  (air  entering  the  coil).  If  the  air  is  to  be  exhausted  to  offset 
the  OA  brought  In,  then  the  air  exhausted  is  labeled  as  Exhaust  Air  (EA).  If  any  of  the 
air  types  are  mixed  in  a  mixing  plenum,  then  the  name  given  to  the  air  following  this 
process  is  Mixed  Air  (MA).  All  of  these  situations  can  be  plotted.  Mixed  air  will  be 
covered  later. 

Psychrometric  Problems 

In  solving  psychrometric  problems,  we  will  plot  the  conditions  of  the  air  passing 
through  the  system.    To  graphically  illustrate  the  conditions  of  the  air  at  given  points, 
we  must  identify  a  few  more  terms  that  will  apply  In  this  analysis.   Some  of  the  terms 

include  the  following: 
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*  Grain*  of  Moisture  Removed 

*  Pound*  of  Moisture  Removed 

*  Total  Bin  Removed 

*  Sensible  Btu  Removed 

*  Latent  Heat  Btu  Removed 

*  Coil  Slope 

*  Room  Slope 

*  Apparatus  Dewpoint 

*  Mixed  Air  Plots 

NOTE:  In  paychrometrics,  all  vajuea^on  the  chart  are  per  pound  of  dry  air. 

GRAINS  OF  MOISTURE  REMOVED.  Thik  quantity  is  found  by  subtracting  the  GM 
of  the  smaller  plot  considered  from  the  GM  of/theHarger  plot  being  considered. 

For  example  if  the  RA  plot  contained  98  GM  and  the  SA  plot  contained  77  GM.  sub- 
tract 77  from  98  and  the  difference  would  be  21  GM  removed. 


POUNDS  OF  MOISTURE  REMOVED.   This  amount  would  be  determined  by  the  same 
procedure.  If  the  OA  plot  contained  .  014  lb  and  the  CA  plot  contained  .  0076  lb,  sub- 
tract .0076  from  .014  and  the  difference  would  be  .0064  pounds  of  moisture  that  were 
removed. 

HEAT  CONTENT  REMOVED.  This  can  be  found  by  subtracting  the  HC  of  the 
smaller  plot  from  the  HC  of  the  larger  plot  and  the  difference  would  be  the  Btu  heat 
content  difference.   Earlier  in  this  course  you  learned  that  total  heat  is  sensible  heat 
phis  latent  heat  Therefore,  when  necessary,  the  total  heat  removed  can  be  separated 
into  specific  amounts  of  sensible  heat  and  latent  heat. 

Sensible  heat  is  heat  that  changes  the  temperature  of  a  substance  but  not  its  state. 
Latent  heat  is  heat  that  changes  the  state  of  a  substance  but  not  Its  temperature.  When 
applied  to  water,  sensible  heat  changes  the  temperature  of  the  water  but  it  remains  < 
water.  Latent  heat  changes  water  at  212°F  to  steam  at  212°F,  thereby  changing  Its 
state  from  a  liquid  to  a  vapor  but  with  no  change  of  temperature.  Sensible  heat  is 
measurable  with  a  thermometer;  latent  heat  is  not.  In  air-conditioning  work,  latent 
heat  is  involved  only  by  the  addition  or  removal  of  moisture  In  the  air.  The  psychrom- 
etrlc  chart  is  the  only  tool  you  have  to  calculate  latent  heat. 

The  total  heat  removed  by  an  air  conditioning  unit  is  simple  to  calculate  on  a 
psychrometrlc  chart.  You  begin  by  determining  both  the  dry  bulb  and  wet  bulb  tem- 
perature of  the  supply  air  and  the  return  air.   Plot  both  dry  bulb  temperatures  on  the 
chart,  as  shown  in  figure  30.  Then,  plot  the  wet  bulb  temperatures  and  extend  their 
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Unas  through  the  heat  content  scale.  The  total  heat  removed  la  the  difference  between 
the  Btu  readings  taken  at  the  intersection  aetata  of  the  WB  lines  with  the  hee*  coataat 
scale.  For  examplt,  aa  shown  la  figure  30,  34  jpimia  IS  equals  19  Bta  of  haat  removed. 


C 11-041 


.  Figure  30.  Heat  Removal  Plata 

When  necessary,  you  can  determine  how  much  of  the  heat  removed  is  sensible  heat 
and  how  much  is  latent  heat.  To  determine  sensible  heat,  draw  a  horizontal  line  from 
the  r  RH  point  for  SA  until  it  intersects  with  the  RA  line  as  shown  in  figure  16.  From 
this  point  of  intersection,  draw  a  line  parallel  to  the  WB  lines  to  the  heat  content  scale. 
The  difference  in  the  Btu  readings  at  this  point  and  the  SA  wet  bulb  line  is  sensible  heat . 
As  shown  in  figure  30,  26  minus  IS  equals  11  Btu  of  sensible  heat.  Latent  heat  is  the 
total  heat  minus  sensible  heat.  Following  through  on  figure  30,  this  is  19  minus  11, 
giving  a  latent  heat  (figure  30)  content  of  8  Btu. 

COIL  SLOPE.  TMs  is  the  amount  of  Btu  removed  from  the  air  entering  and  leav- 
ing a  coll.  To  graphically  illustrate  coll  slope,  you  must  Join  the  %  RH  points  of  the 
TE  and  the  TL  with  a  straight  line,  and  read  the  answer  on  the  HC  scale  by  subtracting 
the  HC  of  TL  from  the  HC  of  TE  (see  figure  31). 

r 

ROOM  SLOPE.  This  is  the  amount  of  Btu  that  are  picked  up  in  a  room  from  the 
time  air  enters  as  supply  air  and  leaves  as  return  air.  Plotting  procedures  are  the 
same  as  for  coll  slope;  join  the  %  RH  of  TE  and  the  TL  with  a  straight  line  and  read 
the  answer  on  the  HC  scale  by  subtracting  the  HC  of  SA  from  the  HC  of  RA  and  record- 
ing the  difference  (see  figure  31 K 
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APPARATUS  DEW  POINT.  This  la  tin  temperature  of  the  cooling  coll.  The  term 
apparatus  dewpoint  refers  to  the  cooling  coil  of  an  air-conditioning  ayetem.  To  plot 
apparatua  dewpoint,  join  the  %  RH  of  TE  of  the  coll  and  the  TL  of  the  coll  and  extend  the 
straight  line  to  the  saturation  curve  and  read  the  temperature  at  the  point  of  intersec- 
tion* Moat  manufacturers  design  their  unite  with  coila  to  be  maintained  at  40  F,  to 
prevent  freeseup  of  the  colL 


Figure  3L  Coil  Slope,  Room  Slope,  and  Apparatus  Dewpoint 


/ 
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SUMMARY 

Th*  rivals  of  air  It  a  valuable  tool  for  tha  apectalUt   Paychrometrlct  give  him 

ialiat  must  be  able  to  use  the  psychrometrlc  chart. 

QUESTIONS  < 
1.    What  are  the  ffve  properties  of  air0 


2.  What  is  the  differeoce  between  relative  and  specific  humidity? 

3.  What  is  standard  air  ? 

4.  Why  should  distilled  water  be  used  with  a  sling  psychrometer  ? 

5.  What  are  the  six  main  scales  on  the  psychrometrlc  chart? 

6.  What  does  enthalpv  per  pound  of  dry  air  mean? 

7.  How  is  specific  density  determined? 

8.  On  what  line  of  the  psychrometrlc  chart  is  sensible  heat  removed  ? 


r 

/ 
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SELECT  FAN,  FILTER,  AND  INSULATION 


PART  1  —Fans 


OBJECTIVE:  Using  Study  Guide  3ABR54530-VIII-1  and  air  conditioning  trainers, 
identify  major  components,  their  types,  purpose,  and  principle  of  operation  with  no 
more  than  two  errors. 

PROCEDURES  FOR  PART  1,  2.  and  3 

Research  and  answer  the  following  questions  using  SG  3ABR54530-VIII-1  and 

instructions  provided  by  your  instructor. 

t.    What  type  fan  is  best  for  overcoming  the  resistance  of  a  duct  system? 


2.     What  applications  are  the  axial  flow  fans  best  suited? 


3.    Why  does  a  radial  flow  fan  consume  more  power  when  not  discharging  into  a  duct 


svstem  ° 


4.    What  is  the  purpose  of  the  vane  in  the  vane-axial  type  fans'5 


1 
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PART  2 —Filters 
Why  are  filters  sometimes  coated  with  a  viscous  coating' 


What  is  the  major  difference  between  permanent  and  throwaway  filters  as  far  as 

construction  ?*  


What  tvpes  of  filters  would  be  most  applicable  for  a  conditioned  space  that  must  be 


types 
dustfree  ? 


Why  are  filters  located  upstream  to  the  fan  and  cooling  coils?. 


Filters  are  used  to  control  the  air  content  in  regard  to 

and 


Identify  the  following  alter  media  as  permanent  or  throwaway. 

a.  *  Fiberglass  — :  ■ 

b.  Glass  Wool   —  -— 

c.  Aluminum    

d.  Gauze  — - 

e.  Sponge  Rubber   —  


Checked  by 
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PART. 3  -  -Insulation 
1.    The  two  main  purposes  of  insulation  art  and 


2.    Describe  the  characteristics  of  a  good  insulation. 

a.   ' 

b.   

c.   

d.   

e.   

f. 


g.   ^ 

h. 


3.    List  the  types  of  insulation  commonly  used  in  air  conditioning, 
a.  d. 


b.    e. 

c.  f. 


4.     List  the  type  of  insulation  best  suited  for  the  following  applications. 

a.  Hot  Water  or  Steam   

b.  Supply  Air  Ducts   

c.  Attica   

d.  Walls 


Checked  by  p 
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PART  4—  Airflow  through  the  Duct  System 

PROCEDURES 

Using  a  duct  schematic,  label  the  parts  and  indicate  direction  of  airflow. 


Figure  33.   Duct  System  (Top  View) 

1 .  Label  the  items  indicated  by  letters  in  the  schematic. 

2.  Use  arrows  to  show  the  airflow  through  the  duct  system. 

3.  What  do  the  initials  DX  stand  for?  

4.  Could  a  chill  water  coil  be  used  in  place  of  the  DX  coil?  _ 

5.  Could  the  fan  be  located  downstream  from  the  coil?  

Checked  by  

Instructor 
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"     WB  3ABR54530-VHI-1-P2 
FAMILIARIZATION  OF  WINDOW  AIR  CONDITIONERS 

,  -  PART  1 

OBJECTIVE:  Provided  with  a  window  air  conditioner  trainer,  required  tools  and  work- 
book, correctly  operate  and  servffee  the  unit.  ' 

PROCEDURES  for  Part  1 

Using  window  unit  trainer,  identify  major  components,  fill  in  blanks  from  informa- 
tion provided  on  data  plate  and  trace  fldw  of  refrigerant  and  airflow  on  system. 

PROCEDURES  for  Part  2  s 

Following  procedures  In  wbrkbook,  perform  preoperational  check,  operate, 
troubles  hoot,  and  answer  questions  as  required. 

FAMILIARIZATION  v 

1.     Locate  the  following  units: 

a,     l  an  motor 


b.  Evaporator  fan 

c.  Condenser  fan 

d.  Evaporator 

e.  Condenser 
Fill  in  the  blanks: 

a      Compressor  phase 
running  amps  


f.    Air  filter 


Thermostat 

Selector  switch 
\ 

Metering  device 
Compressor 

 ,  voltage  


b.     Evaporator  lan  motor  hp 


and  compressor  capacit 
 ,  voltage  


running  amps 


c.  Manufacturer  of  unit 

d.  Charge 


lb  of  refrigerant 


e.     Test  pressure 


j>si  low  side, 


j>si  high  side. 


Star'  .it        con...    ssor  and  trace  tne  flow  of  refrigerant  through  the  system. 

Stan  at  tnt  filtti  and  trace  the  flow  ;f       through  the  system. 

Checked  bv 
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PART  2 

TO  OPERATE  AND  TROUBLESHOOT  A  WINDOW  AIR  CONDITIONER 

r 

1.     Perform  preoperational  checks 

a.  Disconnect  the  power  cord. 

b.  Rem  re  cover. 

c.  Check  fans  for  freedom  of  movement. 

d.  Check  security  of  mounting  of  components. 

e.  Inspect  filter. 

i 

v2.  Operation. 

a.  Be  sure  that  the  thermostat  is  in  the  OFF  position. 

b.  Plug  in  they  unit  and  turn  the  blower  to  LOW  FAN, 

c.  Allow  .the  fan  to  operate  for  30  seconds. 

d.  Turn  selector  switch  to  LOW  COOL., 

NOTE:  Compressor  may  i*ot  operate  due  to  low  ambient  temperature, 
v  e.    Adjust  thermostat  to  bring  compressor  on. 

f.  Allow  compressor  to  operate  for  approximately  three  minutes. 

g.  Determine  supply  air  temperature__  degrees. 

h.  Turn  selector  switch  to  HIGH  COOL  and  operate  for  approximately  three 
minutes. 

i.  Determine  supply  air  temperature  degrees. 

j.    Turn  selector  switch  to  OFF. 

NOTE:  Wait  at  least  two  minutes  before  attempting  |o  restart. 

WHY?   _,  


k.    Unplug  unit. 


ERIC 


(3)   Fan  motor  will  not  operate, 
(a)   Probable  causes 


(b)  Remedy 


Use  diagnostic  chart  to  check  window  unit  for  common  malfunctions. 

install  manifold  gage  assembly  and  check  system  for  abnormal  low  and  high 
side  pressures  and  indications  of  restricted  refrigerant  lines. 


Cheeked  by  

Instructor 
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3.    Trouble  Diagnosis 

a.    Without  referring  to  SG  3ABR54530-VIII-1,  list  the^robable  causes  and 
remedies  for  the  following  troubles. 

(1)   Insufficient  cooling 
a)    Probable  causes 


ib.  Remedv 


'2'    Coir.press  >r  will  not  start, 
'a)    Probable  causes 


fb     Renu  rv 
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PART  3 


PROCEDURE 

Using  a  window  air  conditioner,  Inspect  the  unit,  check  (or  correct-tnsiallation 
and  change  the  system  following  outline  procedures. 

1 .  Inspection 

NOTE:  All  power  OFF. 

a.  Unplug  power  cord. 

b.  Check  (an  bearings  for  lubrication. 

c.  Clean  or  replace  filter  as  necessary. 

d.  Check  unit  for  cleanliness,  clean  if  necessary. 

e.  Check  condition  of  evaporator  aad  condenser  fins,  straighten  if  necessary. 

2.  Maintenance  and  Installation. 

a.    Servicing  and  replacing  fans: 

(1)  Chefllfcdirection  of  rotation. 

(2)  Check  and  clean  blade  to  assure  design  airflow. 

(3)  Replace  damaged  fan  with  one  that  moves  same  air  volume. 

(a)   How  does  incorrect  air  volume  effect  the  system  performance  ? 


(b)  Will  a  higher  fan  speed  overload  the  motor? 


(c)  What  should  be  considered  when  replacing  the  fan  motor  ?  


11 
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b.    Window  wit  installation:  t 

(I)  The  back  of  the  unit  should  be  1/2"  -  1/4"  lower  than  the  front  to  allow 


(2)   If  the  power  cord  that  it  supplied  with  the  unit  is  not  long  enough,  what 
precaution  should  be  taken  ?  


(3)   What  type  power  receptacle  would  be  hsed  with  the  following  voltage  and 
amperage  ratings? 

(a)  All  115v  units   . 

(b)  208-230v,  0-12  amps   ;  . 

(c)  209-230v,  12. 1-16  amps  . 

NOTE:  In  accordance  with  National  Electrical  Code,  the  maximum  allowable 
current  on  a  15-amp  circuit  is  12  amps.   Normal  ratings  for  115v  air 
conditioners  will  not  exceed  12  amps. 

(f)    In  reference  to  the  above  note,  why  are  window  air  conditioners  connected 
to  a  separately  fused  circuit?  


c.    Charging  Procedures: 
NOTE:  All  power  OFF. 

(1)  Data  Plate  Information.  Type  of  refrigerant  

voltage  ,  FLA  •  amount  of  charge 

(2)  Evacuate  system,  inches  of  vacuum     ^  ^  . 

(3)  Add  refrigerant  to  minimum  pressure  of  60  psi.  * 

i4     Leak  check  system  A  Leaks:  YES  NO  

NOTE:  Turn  power  ON.  ^ 

12  41() 
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(5«  Charge  refrigerant  gas  into  the  low  side  of  the  system. 
(6)  Start  unit  compressor  and  monitor  the  pressures. 

(7 \   Restrict  the  coadenser  airflow  so  as  to  create  a  discharge  pressure 
equivalent  to  o*aoor  conditions.   (This  will  simulate  actual  operating 
S2S  pressures  and  cause  correct  refrigerant  flow  through  capillary 


L 


tube. ) 


Continue  to  charge  until  a  40-degree  evaporator  is  reached  JCAOTWN: 
If  entering  air  is  below  80  degrees,  a  forty-degree  evaporator  may  not  be 

reached  without  overcharging. ) 

(9)    Pressures  psi  high  side   psi  low  side. 

NOTE    Pressure  on  high  side  should  still  be  equivalent  to  outdoor 
conditions  plus  thirty  degrees  heat  of  compression. 

ft  A     (This  rrav  be  low  due  to  low 
(10)   Check  running  amperage_  urus  11  • 

entering  air  temperature. ) 
ill)   What  is  the  temperature  difference? 


'  Hill  13  IHC  icm^  ■  -  '  -        ■   r- 

■,'ormal  temperature  difference  is  twenty  degrees. ) 


Checked  by 
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WB  3ABR54530-VIII-1-P3 

FAMILIARIZATION  OF  RESIDENTIAL  HEATING 
AND  COOLING  SYSTEMS 

PART  1 

OBJECTIVE:  Using  workbook  and  residential  air  conuitioner,  identify  major 
components,  and  their  functions  errorfxee.  ( 

PROCEDURES 

Using  the  Residential  Air  Conditioner  trainer,  identify  all  numbered  components 
and  state  their  functions. 

Locate  the  numbered  components,  identify,  and  state  their  function. 

DUMBER  COMPONENT  FUNCTION 

i.  


t 


NUMBER  COMPONENT  FUNCTION 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


17, 


18. 


19. 


20. 


Checked  bv 


Instructor 


ERIC 


4*i 

PART  2 

PROCEDURES 

Operate  the  residential  air  conditioner  in  both  heating  and  cooling  cycles. 
1.     per  form  preoperational  check. 

a.    Cooling  cycle. 

••H   Check  power  source. 

NOTE    Crankcase  heater  must  be  In  operation  at  least  12  hours  prior  to 

iperation. 

ai   What  is  the  function  of  the  crankcase  heater"  


2V"  Heat -Cool  switch  OFF-. 

3)   Turn  gas  supply  valve  OFF.   NOTE:  The  gas  supply  is  left  OK  when  the 
heating -coo  ling  system  features  automatic  changeover. 

A>   Check  return  air  grille  and  filtersly-  obstructions  and  cleanliness. 

5;    Check  condenser  fins  for  obstructions. 

b.  Heating  cycle. 

(1)    Heat -Cool  switch  OFF. 
•2)   Turn  main  gas  supply  ON. 
'■V   Check  for  gas  leaks. 

•  4'    Check  flue  for  obstructions. 

•  5')    Light  the  pilot. 

6.   Check  return  air  grille  and  filter  for  obstruction  and  cleanliness. 
2.     Perform  starting  procedures, 
a.     Select  heat  or  cool. 

b*     Select  fan  automatic  or  manual  position. 

c.  Set  thermostat  lor  desired  temperature. 

d.  Check  operation  of  svstem. 

17 
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3.  Accomplish  operational  checks. 

a.  Observe  burner  flame  and  adjust  accordingly  if  in  heating, 

b.  Observe  refrigerant  sight  glass  if  in  cooling. 

c.  Check  unit  for  unusual  noise  or  excessive  vibration. 

d.  Check  supply  air  for  proper  flow  and  air  distribution, 
o.    Check  wet  bulb  and  drv  bulb  temperature  of  supply  air, 

4,  Accomplish  shutdown  procedures. 

a*    Turn  heat -cool  selector  switch  to  OFF. 
b.    Turn  main  gas  valve  OFF. 

Checked  by  

Instructor 
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WB  3ABR54530-VXII-1-P4 
HEATING  AND  COOLING  WIRING  DIAGRAMS 

OBJECTIVE:  Using  workbook  and  residential  air  conditioner  trainer,  trace  electrical 
circuits  errorfree, 

PROCEDURES 

I.     Using  diagram  below,  identify  the  components  controlled  by  the  thermostat 

according  to  color  coded  wiring. 


HEATING 


fAN  SEICCTOA 
SW'TCm  ™" 


AOJ  H£AT 
ANTICIPATOR 

TM£R*OSTAT 

Y 


CKLE  SUECTOR 
*  SWITCH 


TO  COMPONENT 


TO  COMPONENT 


Figure  34.   Low  Voltage  Thermostat 


a*    Terminal  G, 


b.    Terminal  Y 


c*    Terminal  W. 


19 


1 

9 

ERIC 


Complete  the  following  wiring  diagrams. 


Figure  35.   Heating/ Coo  ling  Thermostat  Wiring 


I  14)  I.  Mi  >')1  *  I 


3. 


▼    *j     ■  * 

^     o     *  o 


AN 

-  K  *  ' 


o  o 


GAS  VALVt 


i 
/ 

^  ^/ 


PILOT  LIGHT 


Figure  36.    Furnace  and  Condensing  Unit  Wiring 
Have  instructor  check  your  work. 

Checked  by  


Instructor 
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5.    From  the  table  below,  compute  the  data  using  the  formulas  listed  in  items  2-4. 
Velocity  Pressure         Duct  Stag  Duct  Area  FPM  CFM 


2^ 
4. 


5. 


.25 


.36 


16 


46 


09 


12"  x  24' 


24"  x  36' 


12  "  x  18" 


36" x  48" 


12"  x  12' 


Checked  by 


Instructor 
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USING  THE  ANEMOMETER 

1.     Measure  the  height  and  width  of  the  duct. 

a.  Height  =  .  " 

b.  Width  = 


c.     Area  in  sq  in  =  W 


X  H 


d.    Area  in  sq  ft  -  Area  in  sq  in 


** the  duct  "ea  T equal  6" aquare  arelfl 


a.  Width  = 

b.  Height  = 

c.  W 


6"  squares 


6"  squares 


X  H 


-  144  sq  in 


jsq  in 
sq  ft 


Total  equal 


6"  squares. 

To  find  elapsed  time  you  will  have  to  take  a  reading  of  10  seconds  at  the  center  of 
each  6"  square. 


d.  Elapsed  time  -*Jo.  6"  squares  

e.  Elapsed  time  is  seconds. 


X  10  seconds 


seconds 
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WB  3ABR54530-VIII-2-P1 
DETERMINE  VELOCITY  AND  CFM  OF  AIR 

OBJECTIVE:  Using  workbook,  airflow  instruments  and,  selected  air  conditioner, 
determine  CFM  to  within  two  percent  accuracy. 

PROCEDURES 

Determine  air  velocity  and  volume  by  using  specific  airflow  instruments. 
NOTE-  The  instructor  will  show  vou  where  the  velocity  readings  should  be  taken. 
USING  MANOMETER  AND  PITOT  TUBE 

1.  Connect  the  manometer  and  pitot  tube  for  measuring  velocity  pressure  in  the  duct. 
What  s  l  ie  velocity  pressure  (VPi '*  H2^- 

2.  Calculate  the  FPM. 

a.  FPM  =  4005  X  \/~VP 

b.  FPM  =  4005  x  

c.  FPM  =  

3      Measure  the  width  and  height  of  the  duct. 

a.  Width-  •" 

b.  H-  ight  -  •  '* 

Area  in  sq  m  =  VV  J,  H  ~_  '-  scl  in 

Area  in  sq  ft  ~-  area  in  sq  in  *  144  sq  in  =   5Ci  ft 

4.     Figure  the  CFM. 

a.  CFM  -  FPM  X  duct  area  (DA)  in  sq  ft 

b.  CFM   X  -   • 
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Using  the  anemometer  to  measure  linear  feet. 

a.    After  completing  the  measurement  of  the  air,  read  the  linear  feet. 
il)   The  left  dial  reads  


(2)   The  right  dial  reads 


(3)   The  central  dial  reads 


i4)   What  is  the  anemometer  reading 


Convert  the  anemometer  reading  to  FPxM. 

a.  FPM  -  AR  X  60  *  ET 

b.  FPM  =  X6X)  = 

ET  -  

c.  FPM  = 


Determine  the  CFM 
a.     CFM  a  FPM  X  DA 
CFM   

c,  CFM 


0.     From  the  Mbit-  !••     v    compute  the  data  using  the  formulas  in  steps  1-5. 


Ai.emomet-T  \  Elapsed 

Reading  ^uct  Size   Duct  Area      .         Time  FPM  CFM 


1350  42'"  x  12" 


iP  24"  x  12" 


13  5C  c  "  x  12' 


1201  ^4  ■  x  12" 


!50-  ?"  x  IB" 


f necked  bv 


Instructor 
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USING  THE  VELOMETER 

1.    Attach  testing  prooes  to  velometer. 


Use  the  velo meter  to  find  the  FPM. 
You  will  have  to  average  the  readings. 

a.    Reading  1 

e. 

Reading  5 

b.    Reading  2 

f. 

Reading  6 

c.    Reading  3 

g- 

Reading  7 

d.    Reading  4 

h. 

Reading  8 

Toial  of  readings  a  through  h  =  Vs 

Number  of  readings  =  

Average  of  readings  »  Total  •?  Number 
FPM  = 


3.  Figure  the  duct  area. 

a.  Width  in  inches  =  

b.  Height  in  inches  =   _ 

c.  Duct  area  in  sq  in  -  

d.  Duct  area  in  sq  ft  =  sq  in  *  144  sq  in^ 

e.  DA  =  sq  in  -  144  sq  in  =  _ 

f.  DA  =  _  „ 

4.  Figure  the  CFM 

a.  CFM  =  FPM  x  DA 

b.  CFM  -  x  -  

c.  CFM  =  

4  \-  i 
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5. 

From  the  table  below. 

compute  the  data  using  the  formula*  in  steps  1  through  4. 

i 

Velometer  Average 

Duct  Size          Duct  Area          FPM  _£FM 

1 

1  . 

500 

v  W  

12"xl2"  .  _  

I  . 

12"  x  18"  

3* 

1  WW 

18"  x  18"   

4. 

1820 

24  "  x  24"   

5. 

2400 

36"  x  36"  — 

6. 

1280 

24"x30"   

Have  the  instructor  check  your  work. 


Checked  by  , 

Instructor 
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WB  3ABR64530-vm-2-P2 

BALANCING  AIR-CONDJTK>MNG  SYSTEMS 

PART  1 

OBJECTIVE    Using  residential  air  conditioner  trainer  and  airflow  Instruments, 
balance  the  airflow  to  meet  required  specifications  In  workbook  within  five  percent 

accuracy.  / 

» 

PROCEDURES 

Using  heat  load  formula,  determine  the  volume  of  air  needed  to  condition  a  room  to 
a  specified  temperature. 

NOTE:  The  specified  conditions  and  the  hourly  heat  load  for  each  room  are.shown 
on  the  building  blueprint.    (Figure  37) 

4                 ROOM  HEAT  LOAD  (Btu)  t- 
FORMULA:   CFM  =   1.08XTD   

NOTE:  This  formula  will  determine  the  CFM  needed  to  handle  the  HOURLY  HEAT 
LOAD  of  each  room. 

DETERMINE  THE  CFM  REQUIREMENT  FOR  EACH  ROOM. 

Usingthe  specified  conditions  and  given  formula,  cpmpute  the  CFM  requirement  ^ 
for  e*ach  room. 


ROOM  A.  

ROOM  B.    _  . 

ROOM  C  .  

ROOM  D.  • 

ROOM  DESIGN  TEMPERATURE  —7 5°F  (DB) 
DESIGN  SUPPLY  AIR  TEMPERATURE --52°F  (DB) 
DUCT  SIZES—ALL  8  inches  in  diameter.  , 


29 


9 

ERIC 


toon  • 


4900  tTUH 


r 


*oc««  c 


rtoo  stun 


JtOOM  o 


•  •00  iTUH 


JtOOM  A 


14500  ITUH 


CM-0»4 


Figure  37.    Building  Diagram 


Checked  by 


instructor 

\ 
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PART  2 

PROCEDURES 

Utilize  a  method  for  balancing  airflow  to  meet  the  requirements  as  determined  inf 
Part  1  of  this  project. 

NOTE:  The  velometer will  be  used  to  measure  the  airflow* 

1.  Position  dampers  and  room  diffusers  to  obtain  maximum  airflow. 

2.  Check  and  List  the  CFM  requirements  as  determined  in  Part  1  for  each  room. 


BJ   C.   D. 


Determine  existing  CFM  to  each  of  the  rooms. 
A.  B.  C.  D. 


4.  Adjust  balancing  dampers  to  obtain  air  volume  that  is  closer  to  the  required  CFM. 

NOTE:  This  step  must  be  repeated  several  tinAes  because  each  damper  adjustment 

Anil  a  fleet  the  other  air  volumes.  s 

5.  List  the  air  volumes  as  you  make  a  round  of  adjustments. 
A  B.  C.  D. 


0.  Continue  making  adjustments  until  the  required  CFM  is  obtained  for  each  room. 
7,     List  your  final  results. 

A.   B.   C-   D,  

Checked  bv 


Instructo 
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WB  3ABR54530~Vni-3-Pl 

USING  SLING  PSYCHROMETER  TO  DETERMINE  DRY  BULB  AND 

WET  BULB  TEMPERATURES 

OBJECTIVE    Using  the  sling  psychrometer.  determine  the  wet  bulb  and  dry  bulb  tern- 

ne r;uu re  of  air  within  two  degrees* 

P  ROC  FLU1  RES 

I'bing  slinc  psvchrnmeter  to  determine  wet  and  dry  bulb  temperatures  under 

■■  iivim:  conditions  following  instructions  below. 

I       ibinu  a  pswhromoter.  wet  the  wet  bulb  thermometer  and  rotate  the  psychrom* 

tier  :apiu:'  until  the  reading  on  the  wet  bulb  thermometer  reaches  the  lowest  point 

and  siablizes  (about  30  seconds). 

Oti  'he  t"ii'?wm^  chart.  record  the  reading  from  both  the  wet  bulb  and  dry  bulb 
-mmneters.    Determine  the  wet  bulb  depression  of  the  problem. 


^ H Y  Ml  P  WET  BULB  j 

rLMPERATURE_  TEMPER-\TURE  ]  WET  BULB  DEPRESSION 


...  1 


;Svt  the  fnllowmi;  questions 

\\  r.\  v.  es  the  thermometer  with  the  wet  wick  indicate  a  lower  temperature 

tvon  'he  :!rv  r rulrmorneter ? 


Wh-  !;  u-mc  t;.i  tiini;  psvchrometer  t  the  difference  between  the  reading  of  the 
.vet  anc:  ;irv  j'alr  thermometer  is  called 


Checked  hv 


Instr  xtor 
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USING  PSYCHROMETRIC  CHART  TO  DETERMINE  THE 
PROPERTIES  OF  AIR 

OBJECTIVE    Using  psvchrometric  chart  and  workbook  values,  determine  dewpoint 
temperatures,  relative  humidity,  specific  humidity,  and  heat  content  within  two  percent. 

PROCEDURES 

Using  a  psvchrometric  chart  and  two  known  conditions  determine  other  air 
;>r<Tperties. 

PLOTTING  AIR  PROPERTIES 

1.     Supply  all  missing  values,  -using  the  Psychrometric  Chart  furnished  by  the 
instructor. 


[1 

DB 

WB 

1  m  \ 

DP 

Gr/lb 

HC 

1 

— t  —   

i  !  72F 

t  ! 

i  ; 
■ 

 i  

59  gr 

v — h 

i 

!  „ 

.... 

!2 

*  61F 

i  45 

L  

I — \ 

k 

85F 

 ~i   — i 

i  60? 

i 

j  1  .  ! 

i 

Li. 

i 

68  r                      _                          .  .... 

'24F 

i 
! 

— *  — 

!  9 

.  ..7  It  .  1  —  - 

i  i 

L«3-KIL_.  '   !                 .  - 

0  ^ 

Under  saturated  conditions,  how  much  more  vapor  can  60  F  air  hold  than  30  F  air  ? 


3.     A  room  air  conditioner  was  started  when  the  temperature jvas  75  F  and  the  ^, 
relative  humidity  (RH)  was  70  percent:  ^  " 

a.  How  much  moisture  did  the  air  contain ?   _  

b.  After  three  hours  of  operation,  the  temperature  was  70°F  and  RH  50  percent. 

c.  How  much  moisture  had  been  removed  ?_  .   
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A  homeowner  complains  of  dryness  from  his  hot  air  heating  system.  When  checked.  — v 
the  DB  temperature  was  72°F  and  the  WB  temperature  was  48t)F* 

a.    What  is  the  relative  humidity  (RH)° 


b.    •How  much  moisture  must  be  added  to  the  system  to  brine  the  RH  up  to 
50  percent0   


Have  the  instructor  check  your  work, 


Checked  hv 


Instructor 
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HEAT  PUMPS 

OIUECTTVE 

Ipnr  cnmpl'ti 'in  )f  this  unit  jf  instruction  you  will  be  able  to  identify  the  major 

 nnoncnts  of  the  heat  pump  trainer  as  to  their  type,  purpose,  and  principle  of 

>p  -ration  And  trace  the  flow  of  refrigerant  through  the  cooling  and  heating  cycles. 

IN  PRODUCTION 

As  early  *s  1500  AD  man  was  designing  devices  to  cool  and  ventilate  his  domestic 
environment.    Methods  sue  i  as  water-driven  devices,  gear-driven  devices,  and  other 
attempts  gradually  gave  wav  to  our  modern  concept  of  air  conditioning.   Improved  tech- 
nology has  expanded  this  field  from  domestic  to  industrial,  commercial,  military,  » 
aviation,  transportation,  marine,  and  outer  space  utilization.   In  the  early  1900's  air 
conditioning  was  used  to  control  the  manufacture  oi  many  products  (candy,  matches, 
etc i.   lr  the  1980  s  ai:  -conditioning  principles  were  applied  to  commercial  uses  such 
as  theaters.   This  was  the  birth  of  our  controlled  environment  application  for  air  con- 
ditioning as  we  know  it  today. 

*  > 

Air  conditioning  ;s  defined  as  that  process  used  for  the  control   f  temperatures, 
humidity,  filtration,  and  ventilation  of  air.  "  Air  conditioning  is  playing  a  more  impor- 
tart  part  :n  nan's  env  ronment.    His  home  and  automobile,  business,  and  recreational 
locations  are  air-cn-tioned  in  order  that  the  maximum  comfort  may  be  maintained, 
increasing  the  efficiency  of  the  activity  being  performed. 

J 

He.U  Pumps 

A  heat  pump  it       Air  conditioner  that  nav  be  used  for  heating  in  the  winter  and 
doling  in  the  sumiz.v.     This  is  accomplished  by  reversing  the    dw  of  refrigerant  so 
that  tne  insiae  coii  i  •     mes  the  condenser  and  the  outside  coil  b  c  mes  the  evaporator. 
Tne  reversing  is  aor.i    v  a  reversing  valve  (figure  1^. 

>*eversinc  vai-.    onsists  of  a  valve  body  with  four  lines  and  two  capillary  tube 
connections,  plus  a  s    enoid  operated  pilot  valve.   Line  one  is  always  the  discharge 
hne  and  line  two.  Ou  auction  line  whether  the  unit  is  in  the  cooling  or  heating  cycle, 
lr.  figur<  :t.  whicr       "S  trie  heating  cvcle.  tne  hot.  high-pressure  gas  entering  the 
valve  bodv  is  being  oir  cted  out  line  four  to  the  inside  coil.   From  the  inside  coil  where 
the  heai  is  dissipated  : -e  refrigerant  passes  by  way  of  the  capillary  tube  to  the  outside 
coil  where-  1:  picks  u  >   cat.    From  the  outside  coil  the  refrigerant  flows  through  the 
hne  bacr.  to  the  reve •  sing  valve  and  into  line  two  for  returr  to  the  compressor. 

1"  change  lr  »•:  .»:in».     cooling,  the   olenoid  of  the/pOo*  valve  is  deenergized 

which  allows  the  slu(  1    be  shifted  bv  sonnr  pressure.   This  opens  the  left  end 

capillar-  tub*,  to  tm  ..  ~uon  line  and  closes  off  the  right  enc  capillary.   Loolting  at 

:  ^ufe  !/.        \L  l-\  see  there  ;c  a  bleed  hole  in  eac;  end  of  the  piston.  Tht? 

b»e«d  hc\es  uilow  ca-  ,m  t!„?  discharge  line  into  both  ends  of  tne  piston.   Due  to  the 

nirit  ena  capillars  :  uemg  closed  to  the  auction  line,  tne  pressure  in  the  right  side 

increases  above  the  ■  one  and  reposhons  main  valve  slide  tt  the  left.    Now.  the  hot 

lms  frorc  ,.ne  one  r.  .  .cted  to  Une  lim  e  going  to  the  outside  c oil  first  as  in  figure  1a. 
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Figure  1.    Reversing  Valve 
Condensers  and  Evaporator  Coils 


The  coil  mounted  inside  the  house  is  usually  a  standard  finned  coil  with  a  blower 


The  outside  coil  comes  in  a  variety  of  designs.    The  coil  iesiLji  depends  on  what 
substance  the  coil  Is  to  release  Its  heat  to  or  pick  up  its  heat  f;  >m.    Some  types  of 
coils  classified  as  to  the  heat  medium  are 


1 .     Air  coil 


2,  LaJce  water  coil 

3.  Weil  water  coil 


4.     Ground  colt 


Air  Cny\ 


The  easiest  to  install  and  the  least  expensive  of  the  outdoor  roils  lor  heat  pump  um 
19  a  coil  jsed  to  release  its  heat  to  the  outside  air,  or  to  picK  u>  neat  from  the  outside 
air.    This  type  coil  has  a  number  of  advantages  in  climates  whert*  [he  outside  tempera- 
tures  do  not  vary  more  than  from  20  to  110  F. 

The  coil  itself  is  a  standard  haat  transfer  coil  with  tubing  for  primary  surface  and 
extended  fins  bonded  to  the  tubing.   A  blower  is  mounted  in  the  housing  that  protects 
the  coil  from  the  weather.   The  coils  have  been  mounted  on  the  outside  wall  of  a  build  - 
ing  on  the  roof  and  in  separate  shelters  adjacent  to  the  building. 
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During  the  heating  cycle  there  is  a  tendency  tor  these  units  to  frost  and  ice  in 
.   i  t  am  weather  conditions.   To  prevent  this  action,  most  heat  pumps  have  a  special 
thermostat  mounted  on  the  coil.    If  frost  or  ice  starts  to  accumulate,  this  control 
v  H  shi-t  .ff  the  svstcm  and  start  a  defrost  action  (heating  coils)  or  will  reverse  the 
<• ,  do  long  enough  to  defrost  the  coil.    Some  systems  use  a  timer  to  rid  the  outdoor  coil 
. -t  frost  >r  ico. 

Lake  %V.  :tT  Coil 

ver.il  installation*  hav«  loen  tried  where  the  outside  coil  is  dropped  on  the  bottom 
:  i  lake  idjacent  to  ti  e  premises.    The  coil.if  installed  at  the  bottom  of  the  lake,  has  a 
tf>r»  -onstant  temperature  than  otherwise.    During  the  cooling  evele,  this  coil  readily 

leases  its  heat  to  the  lake  water.    During  the  heating  cycle  the  evaporator  coil 
u.. sorbs  heat  from  the  water  at  the  bottom  of  the  lake. 

Hit  temper ature  of  maximum  density  of  water  is  39°F.   This  means  that  the 
t.  uperature  of  the  water  at  the  bottom  of  the  lake  will  be  39°F  or  above.    If  the  water 
it.  cooled  below  39°F.  it  will  expand  and  rise  to  the  surface,  and  a  temperature  of  32  F 
will  cause  it  to  freeze.   This  is  the  reason  that  ice  forms  on  the  surface  of  a  lake. 
I  he  lake  would  be  frozen  solid  before  the  temperature  of  the  water  at  the  bottom  could 
e.  below  39°F. 

Fmm  this  vou  can  see  that  a  lake,  even  one  covered  with  ice.  may  be  a  reser\oir 
.if  heat. 

W  ell  Water  Coll 

Well  water  mav  provide  ui  eifirient  heat  pickup  unit  for  heating  and  a  good  heat 
(iissipator  during  the  cooling  cvcie. 

The  cost  of  the  well  is  a  disadvantage,  but  its  cost  will  probably  soon  be  offset  by 
(lit  lower  cost  of  operation. 

A  popular  method  of  usmp  well  water  is  to  pump  the  water  out  of  the  well,  then 
jfter  heat  has  been  removed  from  the  water  or  released  to  it,  the  water  is  returned  to 
the  well  using  a  tube -within-a-tube  or  a  she  11 -and -tube  heat  exchanger. 

When  well  water  is  60°F,  a  condensing  temperature  of  80°F  can  be  used  during 
cooling  cvcle.   An  evaporator  temperature  of  4<TF  can  be  ased  during  heating  cycle. 

Often  flowing  wells    ,  s[  ;ngs  are  used  to  supply  water  for  the  heal  uump 
installations. 

('/round  Coil 

A  type  of  outside  coil  which  is  receiving  considerable  attention  is  a  ground  coil. 
It  has  been  found  that,  regardless  of  the  latitude  and  the  air  temperature  changes,  the 
temperature  in  the  ground  at  a  depth  of  4  to  6  feet  changes  very  little.  These  tempera- 
tures average  between  40°r  and  60°F. 

If  a  coil  is  buried  in- the  gro<m  at  Y depth  of  4  to  6  feet  and  it  has  sufficient  heat 
transfer  surface,  the  coil  can  bt  .sed  as  an  outdoor  coil  for  both  heating  and  cooling 
cycles 
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Installations  have  been  made  using  a  combination  of  air  coils  and  either  a  lake  co:i,  \ 
well  coil,  or  growd  coil.   The  air  coil  is  used  alone  when  the  outdoor  temperature  pc:  -  I 
mits  efficient  operation,  bit  when  the  outside  air  becomes  too  cold  or  too  hot  the 
auxiliary  coil  may  be  connected  into  the  system. 

Servicing  Heat  Pumps 

Because  the  heat  pump  system  is  a  refrigerating  unit,  the  service  techniques  ot 
troubleshooting  and  repair  are  much  the  same  as  the  service  procedures  for  anv 
refrigeration  unit. 

Routine  maintenance  requires  that  the  refrigerant  pressures  be  checked  and  the 
voltage  and  current  at  the  unit  be  checked.   The  heat  pump  should  be  cleaned.  Blow 
out  the  colls,  clean  the  duct  passages,  and  oil  the  fan  bearings  and  fan  motor  bearings 
The  unit  should  be  operated  on  both  heating  and  cooling  cycles  to  check  the  operation  >: 
the  reversing  valve. 

Service  calls  usually  start  with  a  complain  such  as: 

1.     Unit  will  not  operate  on  cooling  or  heat. 

2*     Units  runs  too  much. 

3.    System  is  noisy. 

The  diagnosis  must  not  only  find  the  cause  of  the  complaint,  but  must  al.v-.  find  tin 
reason  for  the  trouble*  For  example,  a  lack  of  refrigerant  indicates  a  Leak.  The  ie:u: 
must  be  found  and  repaired, 

A  four-way  valve  that  will  not  operate  must  be  replaced. 

Heat  pumps  have  one  main  operational  problem --freezeup  of  the  outside  coil.  To 
prevent  freezeup  of  the  outside  coil,  a  defrost  thermostat  is  installed  on  the  unit  to 
switch  the  coils  long  enough  to  change  the  temperature  of  the  outside  coil  to  prevent 
freeseup.   On  misty  days  where  the  ambient  temperature  outside  is  32°  -  30bF  the 
unit  will  spend  almost  equal  time  in  the  heating  and  defrost  cycles 

QUESTIONS 

1.     List  one  disadvantage  of  each  type  of  outside  coil  used  on  heal  pumps. 


2.     Name  three  sources  of  derived  heat  for  heat  pump  operation. 


3.     What  is  the  chief  restriction  to  using  heat  pumps  of  the  a;r  s  jurce  tvpi1 


4.     What  component  is  responsible  for  actuating  the  heal  pump  r  \  ersnuT  n 

1  -1 


4 


*>.    What  happens  as  the  heat  pump  reversing  valve  changes  the  flow  of  refrigerant 
within  the  system. 
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6.    What  is  the  most  common  problem  to  heat  pumps 
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PACKAGE  AIR  CONDITIONER 

OBJECTIVE 

Upon  completion  of  this  unit  of  instructions,  you  will  be  able  to  identify  the 
components  and  list  their  functions  on  the  Package  Air  Conditioner.    You  will  also  be 
able  to  trace  the  flow  of  refrigerant  air  and  water  through  the  system. 

INTRODUCTION 

The  package  air-conditioning  units  differ  from  the  remote  unit  in  that  one  housing 
contains  all  of  the  components.   These  units  are  usually  found  in  offices  or  in  a  portion 
of  a  building  that  is  separate  where  It  would  be  impractical  to  air  -condition  the  whole 
building  because  of  differing  heat  loads. 

Package  air  conditioners  (see  figure 
2)  are  built  in  sixes  from  one  to  30  tons. 
This  type  of  equipment  is  used  to  cool  rather 
large  rooms  or  areas  with  or  without 
ductwork.   A  package  unit  provides  the 
means  for  fast  and  easy  •conditioning  of  a 
large  area.   If  the  area  is  long  and 
narrow  or  it  has  partitions  or  objects 
that  will  restrict  the  airflow,  it  may  be 
necessary  to  me  ductwork  to  distribute 
the  air.   The  main  advantage  in  the  use 
of  the  package  unit  is  that  it  can  easily 
be  moved  from  one  location  to  another. 
For  this  reason  package  units  are  used 
as  part  of  the  mobile  equipment  due  to 
tneir  ease  in  moving  and  ability  to 
become  quickly  operational. 


Service  and  maintenance  for  package 
units  are  the  same  as  for  any  other 
refrigeration  system.   The  components 
are  the  same  as  for  any  other  refrigeration 
system.   They  do  have  some  peculiarities 
of  their  own. 

Refrigerant 


The  systems  in  packaged  air 
conditioners  will  use  either  R-I2,  R-22. 
or  R-500  depending  on  the  individual 
application  and  desired  temperatv  res 
being  maintained. 


■1 


Figure  2.    Package  Unit 
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Motors. 

There  aro  normally  three  individual  motors  found  on  this  equipment:  the  compres- 
soi  drive  motor,  the  condenser  fan  motor,  and  the  evaporator  blower  motor.   If  the 
unit  has  a  water-cooled  condenser,  then  the  condenser  motor  is  not  required. 

Power  Requirements 

These  svst-ms  aro  designed  to  operate  on  220-240v  ac.  single-  or  three-phase 
power.    Th»  control  circuits  will  range  from  24v  ac  to  line  voltage. 


Blowers 


Hie    \aporaior  Mower  is  usually  of  the  squirrel-cage  typf.    In  some  cases  the 
uim  will  have  two  individual  blowers  to  facilitate  the  air  movement.   A  double  blower 
could  be  attached  to  separate  motors  or  be  driven  by  a  single  motor  having  a  double 
shaft. 


\  .ins 


The  r  ^nde riser  Ian  ran  be  of  the  squirrel-cage  or  the  propeller  type.    The  fan-blade 
«t\  o  will  oc  governed  r\  the  amount  of  heat  to  be  dissipated  from  the  condenser  coil, 
local  wind  velocities,  etc.   The  condenser  fans  are  usually  wired  into  the  circuit  through 
a  pressure  sensing  switch  used  as  a  controller.   As  the  pressure  increases  or  decreases, 
the  fanfsl  will  become  active  or  inactive.    This  is  known  as  cycling  the  fan  and  is  one  of 
the  methods  of  capacity  control. 


Condensers 

The  most  common  is  the  air-cooled  condenser.    Refrigerant  cooling  is  omained 
r.v  adequate  condenser  surface  and  maximum  air  circulation  over  the  coil  and  fin  sur- 
t.ue    Th-  *hell  and  tuo,  water  cooled  condenser  consists  of  a  gas  type  sealed  shell 
containing  a  copper  coil  or  tubes.    The  hot  refrigerant  gas  is  admitted  into  the  conden- 
ser sheii  and  flows  down  over  the  condenser  tubes  in  which  cooling  water  is  circulated 
The  gas  condenses  on  tne  surface  of  the  tubes  and  runs  to  the  bottom  of  the  condenser 
shell.   These  condensers  are  used  frequently  where  the  cooling  load  is  heavy  and  the 
ambient  temperature  n.av  rise  above  90°F.   These  units  require  plumbing  connections 
to  both  iresh  water  and  a  drain  for  return  water  and  condensate  from  evaporator  coil 
»r  a  water  cooling  tower  whichever  is  used.   The  flow  of  water  through  the  condenser 
is  controlled  bv  a  water  pressure  regulating  valve  which  has  a  small  tube  connected 
to  the  compressor  sensing  the  head  pressure.   As  the  head  pressure  varies  the  flow  of 
water  varies  to  maintain  a  constant  head  pressure. 


Compress  >r 

Any  ci  the  stvles    .  compressors  can  be  found  in  package  units:  hermetic,  semi* 
hermetic    and  op--.. 

I;      not  uncomm..r.  :  -  see  '.wo  compressors  in  a  package  unit.    Each  compressor  is 
independent  of  the  oth'.  -  :tnd  f»eds  a  ponon  of  the  split  evaporator.   This  type  of  sys- 
tem is  convenient  not  <>nlv  to  tne  maintenance  man,  but  it  will  continue  to  operate  at  50 
percent  capacity  if  one  of  the  compressors  develops  trouble.    The -maintenance  man  car. 
isolate  the  defective  svstem  for  repair  while  the  remaining  portion  of  the  system  re- 
mains in  operation. 
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Installing  the  Package  Air  Conditioners 


Package  units  are  factory  assembled.   After  physically  moving  the  unit  into  pla.  < 
plumbing  and  electrical  connections  are  required.    Both  the  plumbing  aiict  electrical 
work  must  conform  to  codes  in  force  in  the  locality.   The  unit  must  be  mounted  leve  . 

The  motor-compressor  is  usually  hermetic,  but  can  be  of  the  semihermetic,  or 
open  type.   The  refrigerant  control  is  normally  accomplished  b   a  thermostatic  expan* 
sion  valve.   The  unit  should  be  thoroughly  checked  for  obvious  damage  whu  h  can  occur 
during  shipment.   The  air  temperatures  both  in  and  out.  the  electrical  load,  and  the 
operating  pressures  should  be  checked  and  recorded  tor  future  .-eterence. 

Servicing  the  Package  Air  Conditioner 

Access  to  the  internal  parts  of  the  unit  are  obtained  by  removing  panels. 

Periodic  maintenance  duties  Include  replacing  the  filter  or  (Meaning  it,  cleaning  tne  * 
evaporator  coil  and  fins,  cleaning  the  fan  motor  and  oiling  it  unless  it  has  scaled  bear- 
ings, cleaning  the  dram  pan  and  drain  tube.  The  inner  lining  o.  the  cabinet  somttinrus 
accumulates  lint  and  it  should  be  removed  by  vacuuming.    It  is  also  important  to  chfcCK 
the  refrigerant  charge,  the  operation  of  the  thermostatic  expansion  valve,  the  water 
flow.  etc. 

* 

QUESTIONS 

1.     How  does  the  package  air  conditioner  differ  from  a  remou*  unit  ? 


2.    What  are  the  three  motors  normally  found  on  this  unit? 


3.  What  type  of  evaporator  blower  does  this  unit  usually  have0 

4.  Explain  one  method  of  capacity  control  on  a  unit  with  an  air-cooled  condenser  ? 


5.   'What  type  of  condenser  is  a  shell  and  tube? 

What  is  the  control  used  in  a  water-cooled  condenser  in  the  package  unit  to  maintain 
head  pressure? 

/ 

What  is  the  difference  tetween  a  condenser  water  return  line  and  a  condensate  water 
drain  line9 

4  ■ 
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DIRECT  EXPANSION  AIR 'CONDITIONING  SYSTEMS 

K.    ,   ■  f 

9BJECTIVE 

When  you  have  completed  this  uni^ftf  instruction  on  the  25-'cn  trainer,  you  will 
be  able  to:  ' 

*  . 

*  Locate,  identify,  and-state  the  functions  of  safety  controls  and  major  »  .  . 
components.*  j  ;  *  I 

Locate  operational  and  capacity  controls,  state  their  functions,  anci  adjust  fcr 
proper  operations.  f  *  \ 

*  Use  the  hygrothermograph,  an, air  flow  instrument,  a  ph\chrometric  chart 
jid  the  25-ton  trainer  to  performa  capacity  check. 
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INTPODUOTION  *  •  , 

The  successful  operation  of-radar  equipment,  communications  networks,  .vtissile. 
guidance,  automatic  data  processing  computers,  and  othjfer  applications  require  efyjp- 
ment  cooling  and  ventilation  systems  which  cannot  stand  wide  temperature  and  hiimidir 
variations.        \  ■  „  / 

>The  control  of\emperature  may  be  required  to  within  1 1°  F,  and  the  humidity 
.tolerance  within  t  \  percent.   Relative  humidity  control  usually  allows  a  greater 
tolerance  but  must  be  low  enough  to  minimize  rust  and  corrosfbn  while  high  enough  to 
prevent  static  electricity  charges  from  arcing. 

To  control  the  temperature,  humldlty^and  ventilation  in  large  equipment  applica- 
tions, many  controls  must  be  used  to  effect  the  desired  conditions.  Combinations  of 
electrical,  pneumatic,  and  electronic  controllers,  and -controlled  devices  work  as  a 
unified  team  to  produce  the  successful  system  operation.  * 

The  checking  of  system  e  fficiency  against  designed  performance  data  is  just  as 
important  as  checkislf  the  calibration  and  adjustment.  In  fact,  it  should  be  a  primarv 

consideratfcn.  ^ 

t 

Compressor  capacity  control  can  be  achieved  in  numerous  methods —ranging  from 
pressure  switches  jo;complex  hydraulic  systems,  depending  upon  the  system  in  use. 

'  In  aU  fields  of- air  conditioning,  the  design  conditions  will  have  variable  limits6 
The  usual  extreme  conditions  exist  when  the  temperature  is  over  80UF  or  below  70  F. 
and  if  the  humidity  is  leasthan  30  percent  or  more  than  50  percent.  Maintaining  the 
exact  range  is  fften  difficult  but  can  be  achieved  with  properly  operating  systems. 

t  » 

'       *    SAFETY.  PRECAUTIONS 

,    \     .  ' 

Because  of  the  important  part  safety  plays  in  all  subjects  covered  in  this  text,  {k. 
will  be  listed  first.  However,,  it  snoutl  be  remembered  that  safety  must  be  observed,- 
at  all  times-  *  * 
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'  (a  the  first  day  of  this  course,  you  were  given  a  briefing  on  ground  safety.  Review 
the  study  guide  dealing  with  ground  safety.  ,  You  can  find  it  in  Study  Guides  AFS-54.  55,  * 
and  >«".  This  study  guide  will  apply  primarily  to  electrical  safety  precautions. 

As  Muipment  becomes  more  complex  so  does  safety  consideration  for  both  the  * 
operator  and  the  equipment.   You  noted  in  this  course  that  the  equipment  and  controls 
became  more  complicated.   Equipment  cooling  systems,  especially  for  radar  and  mis- 
sile sites,  are  very  complex^  Safety  first  is  a  must  in  weeing  with  ail  equipment 
ceolmg.  , 

Operating  Electrical  Equipment 

As  a  refrigeration  and  air-conditioning  specialist,  you  may  be  required  to  operate 
equipment  and  controls  With  voltages  ranging  from  1  12  volts  to  14,000  volts.  When 
working  near  hfgh  voltage  equipment,  be  extremely  alert;  don't  guess;  know  what  you  f 
are  doing.   If  you  become  careless,  you  may  end  up  a  casualty  or  cause  damage  to  ^  %\ 

expensive  equipment. 

There  are  things  which  you  can  do  that  will  make  your  working  conditions  ftafe;  but 
remember,  even  with  switches  and  circuit  breakers  off,  it  is  possible  for4 you  to  get 
shocked  through  electrical  feedback.    Before  you  work  cn  electrical  equipment,  turn  the 
power  off.   It  is  extremely  important  to  you  to  insure  that  the  power,is  off  and  that  the 
svstem  is  grounded  in  accordance  with  instructions  contained  in  AFP  85-1. 

Beware  of  the  extremely  high  voltages  in  some  missile  sites.   You  can  receive  a 
shock  without  even  making  physical  contact  with  electrical  conductors  or  equipment. 
The  electrician's  handbook  lists  one  foot  as  the  minimum  safe  distance  from  circuits 
having  operating  voltages  of  5, 000  to  7,  000  volts.  If  you  get  nearer  than  one  foot,  the 
voltage  may  arc  over  to  you.  The  exact  distance  depends  on  the  humidity,  the  surface 
upon  which  you  are  standing,  the  type  of  shoes  you  wear,  and  other  factors. 

If  you  have  maintenance  on  electrical  equipment  with  line  voltage  or*  above,  call  an 
electrician.   He  is  responsible  for  repairing  high-voltage  circuits  and  equipment. 
Remember  that  the  electrician  may  not  be  familiar  with  the  equipment,  controls,  and 
circuits  that  you  operate.  Advise  the  electrician  and  help  him  check  out  the  equipment 
once  it  is  repaired.  The  electrician  has  been  especially  trained  in  the  use  of  electrical 
safety  equipment.  Should  you  have  to  make  emergency  repairs,  use  all^the  safety 
equipment  at  your  disposal. 

« 

Safety  equipment  is  provided  for  working  on  electrical  devices.  This  equipment 
consists  of  neon  test  lights,  rubber  gloves,  rubber  floor  mats,  and  tools  having  insu- 
lated handles.  Proper  care  and  use  of  this  safety  equipment  must  be  taken  to  insure 
its  protective  value.  7 

Equipment  Safety 

Ground.'safety  applies  to  the  causes  and  prevention, of  accidents  and  first  aid  proce- 
dures which  must  be  administered  should  a  person  become  injured.   Damage  to  material 
is  also  of  major  concern  to  the  USAF.   The  loss  of  air  conditioning  in  a  site  for  30 
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seconds  may  cause  damage.  Very  delicate  automatic  controls  keep  spaces, "computerv 
glance  systems,  mlaliies,  fuels,  etc^at  the  proper  psychrometric  condition  so  that 
when  needed  tney  will  function  properly.  We  love  to" tinker  with  switches,  dials  ther- 
mostats, etc.  We  should  not  adjust  and  calibrate  controls  when  we  do  not  have  sufficient 
training,  to  this  block  of  instruction,  you  are  to  operate  controls  only  when  directed  to 
do  so  by  an  instructor  or  a  workbook.   Equipment  cooling  machines  ire  slaves  to  con- 
trols, and  controls  are  slaves  of  the  operator  .^Learn  all  you  can  about  automatic  con- 
trols and  treat  them  gently.   These  controls,  when  properly  calibrated  and  adjusted 
will  make  your  job  easier. 

FUNDAMENTALS  OF  DIRECT  EXPANSION 
AIR-CONDITIONING  EQUIPMENT 

Direct  expansion  is  a  descriptive  term.   It  describes  the  type  oi  refrigeration  sys- 
tem used.   Evaporators  are  sometimes  called  expansion  coils.   When  the  evaporator 
cools  the  air,  the  system  is  called  direct  expansion.  If  a  secondarv  refrigerant  (brinp 
or  chilled  water)  is  used  to  cool  the  air,  thetey^tem  is  known  as  indirect  expansion. 

Expansion  Valves 

Most  lar^e  air-conditioning  systems  use  ^compressors  with  so-.it  ;  vpe  of  capacity 
control.   This  capacity  control  is  usually  accomplished  by  holding  one  or  more  of  the 
suction  valves  open  when  operating  under  reduced  load. .  Unfortunate!  v   the  capacity  of 
a  thermostatic  expansion  valve  cannot  be  controlled  that  easily.   With  the  capacity^, 
the  expansion  valve  at  a  relative^  constant  valufc,  it  becomes  over^izec'  when  the  capuc  - 
ityof  the  compressor  is  lowered.    However,  within  reasonable  lim;:..s.  a  thermostatic 
expansion  valve  will  adjust  to  a  low-load  condition  and  si^l  maintain  the  required 
refrigerant  control.   Actually,  smooth  valve  Control  is  not  necess-rv  to  reduce  loads 
^    because  full  evaporator  capacity  is  not  required  underhhese  condin 


ti:>ns>. 


When  operating  unaer  reduced  loads,  the  greatest  refrigerant  c  mtfol  problem  is  to 
prevent  flood-back  to  the  compressor-:  This  flood-back  problem  ran  ,.»e  scfcveri  bv  usin^ 
an  accumulator.  * 

r 

Good  design  and  installation  practices  will  insure  the  best  possible  control  and* 
minimize  the  danger  of  flood-back.  It  is  very  difficult  to  predict  expansion  valve  ptr- 
formance  at  reduced  capacities  because  of  the  many  influencing  faorors  such  as  design 
of  the  evaporator,  location,  and  efficiency  of  the  heat  exchanger   sv.cti<*i  line  piping, 
bulb  location,  valve  and  distributor  size  and  power  element  charge,    vime  systems 
operate  very  satisfactorily  at  15  to  25  percent  of  full  loads. while  oine;  svstems  maf 
cause  trouble  when  the  load  reduces  to  50  percent  of  capacity.   Durmt  t.-ie  design  ana 
fabrication  of  the  system,  if  the  following  factors  are  observed,  tru  system  should  * 
operate  at^oads  of  35  percent  of  capacity  without  difficulty.    Fig..:  c     snows. actual 
system  design  methods  for  split  evaporator  being  fed  by  two  TEV-     "his  svster.i  us..-  '"' 
only  two  evaporators  regardless  of  the  number  of  cylinders  in  tiu      y»res?or.  The 
ability  of  an  evaporaior  to.' operate  at  reduced  loads  will  take  car-.     /if.-  t<;  20-de^rtx 
reduction.   One  of  the  solenoid  valves  is  closed  when  the  onipitr  at:i\  ^  \ 

reduced  5<5  percent.    The  evaporator  and  TEV  operating  have  .i  t.: 
reduced  capacity  of  tne  compressor. 
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Figure  3.  Capacity  Reduction  -  Two  or  More 
,   .  *  Evaporators  Handling  the  Same  Load 

Figure  4  illustrates  the  use  of  two  thermostatic  expansion  valvea  and  two  dietribUora 
feeding  one  evaporator.'  Each  evaporator  circuit  la  fed  by  two  diatributor  circuit,  one 
irom  each  diatributor.  The  aolenoidWres  are  actuated  by  the  compressor  modulation 
system; 
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Figure  4.  Capacity  Redu^Gen  -  Single  Evaporator  Controlled 
With  TEVs  and  Two  Solapoid  Valves 
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By  fixing  one  solenoid  valve, •  expansion  valve,  and  distributor  to  handle  approxi- 
mately 67  percent  of  the  load  and  the  other  to  handle  33  percent,  the  following  capaci^ 
reductions  are  possible: 

/  ' 

Valve       Valve  Distributor 

A  B  Loading 

* 


Compressor 

Capacity' 


Evaporator 
Capacity 


100% 
83* 
67% 
50% 
33% 
1S% 


Ope,n 
Open 
Open 
^pen 


Open 
Open 
Closed 
Closed 


\losed  l  Open 
Closed  Open 


100% 
83% 
100% 
.  75% 
100% 
50% 


i 


100* 
B3v 
67  c'c 
50v 
33Lc 
16~c 


Table  I 


Figure  5  illustrates  an  arrangement  similar  to  Figure  4  but  without  the  use  of 
solenoid  valves.   In  this  example,  both  expansion  valve  and  distributors  are  the  same 
size,  and  at  full  load  both  valves  handle  half  of  the  load.   However,  expansion  valve  A 
is  adjusted  for  a  higher  superheat  than  valve  B^.,  Under  a  high -load  condition,  valve  B 
will  not  be  able  to  maintain  the  low  superheat  to  which  it  'is  adjusted.   Valve  A  (with  a 
higher  superheat  setting)  will  open  and  make  up  the  deficiency  in  the  capacity  of  valve  B. 
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'  Figures.   Two  Thermal  Expansion  Valves,  (TEVsi 
Having  Different  Superheat  Settings 

When  the  compressor  unloads  to  the  point  where  valve  B  is  able  to  handle  the  loac 
alone,  valve  A  will  be  forced  closed  by  its  higher  superheat  setting.   The  superheat  ai 
the- evaporator  outlet  is  then  controlled  solely  by  valve  B  with  its  capacity  matched 
closely.   This  system  is  not  ipcommended  for  low -temperature  svstems  or  any  syste:: 
where  a.close  control  of*  supe/heat  is  required,  such  as  equipment  cooUnt  systems 
requirements.  p 
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Protector  Thermostat 
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The  feeler  bulb  lor  the  freexestat  is  located  in  the  airstream  immediately  following 
the  cooling  coil.  This  bulb  tenses  the  temperature  of  the  air  leaving  the  cooling  coil. 
If  the  temperature  drops  below  30°F,  the  thermostat  closes  the  solenoid  valve  in  the 
liquid  line,  and  the  wit  pumps  down  and  cuts  off  on  the  tow  pressure  motor  control. 
The  malfunction  that  caused  the  abnormal  low  temperature  must  be  removed  before 
restarting  the  unit. 

Compressor 

Due  10  the  temperatures  required  and  the  size  of  the  loadA  reciprocating  compres- 
sor? are  usualjh  used  m  this  type  application.  If  the  load  is  large  (over  40  tons)  multi- 
pi*  compressors  in  parallel  are  often  utilized.  This  allows  the  use  of  only  one  comp 
•or  when  the  unit  is  operating  under  a  light  load.  Most  small  systems  utilize  a  single 
multiple  cylinder  compressor  with  capacity  control.  This  control  allows  the  compressor 
to  operate  under  a  light  load  without  cycling. 

Complex  Condenser  Svstem 

Equipment  *i7  cooled  by  giving  up  heat.  This  heat  is  rejected  to  the  outside  air 
throucn  condensers*  A  complex  condenser  system  consisting  of  air-cooled,  evaporative- 
cool  ?d  and  water-cooled  condensers  is  indicated  in  figure  6.  Study  this  system  thor- 
oucrly  as  you  will  have  to  operate  it. 

AIR-COOLED  COK DENSER  OPERATION  (See  figure  61.  The  equipment  cooling 
refrigeration  svstem  operates  with  air-cooled  condensers  as  follows:  numbered  valvec 
Z  4   and  T  are  open,  all  other  numbered  valves  are  closed.   Hot  high  pressure 
refrigerant  gas  from  the  compressor  passes  t<irm«!i  valves  3  and  4  and  goes  through 
both  air-cooled  condensers.   There  heat  is  -^noved  from  the  hot  gas  changing  its  state 
to  a  warm  high-pressure  liquid  refri«~ant    The  liquid  refrigerant  flows  from  the  air - 
croled  condenser  to  the  receiver.   FrrM  the  receiver,  the  warm  refrigerant  liquid 
.noves  through  the  lint  to  tlj*  thermostatic  expansion  valve,  ^n  passing  through  the 
thermostat  expansion  v;ave.  it  becomes  a  cold  low-pressure  refrigerant.  The  cold 
refrwant  flows  through  the  DX  coil  picking  up  the  heat  that  tad  previously  been  given 
up  froir.  th*  equipment  in  the  cooled  sftace-  The  heat  ladened  refrigerant  now  goes  to 
the  compressor  where  tne  cycle  repeat^  itself  over  and  over. 

Water-Cooled  Condense: 

Mos;  Larg'    wnmcrcial  refrigeration  units  use  the  water-cooled  type  condenser.* 
Tt  is  construe;  e-  s-  th*  refrigerant  goes  directly  from  the  compressor  into  the  interior 


of  a  tank  or  sr.el 


The  shell-*vn*  condenser,  or  shell  and  tube  as  it  is  commqnly  called,  Is  a  cylinder 
mad.  oi  steel  with  copper  tubes  inserted  in  the  shell.  Water  circulates  through  the 
.uhir  *  an-  condenses  tii*  >iot  vapors  into  rx  liqtif*.  The  bottorr  portion  of  the  shell 
serv  •&  as  Mv  liquid  ? -r    ver.  The  advanf  ;re  of  this  style  of  construction  are  compact- 
ness of  desiLT  the  y.  •   nation  of  fans. am1  the  need  for  separate  condensers  and 
r.'c?  ver     A*s<     t  en:  l.ies  a  "iexible  f  pc  o'  assembly.  Two  designs  are  used.  One 
dcsiin  ha*  tin  waters  n:ig  coil  inside  t'h«  rcx^iver.   The  other  uses  a  number  of 
strai  ;ht  tubes  insidi     -  receiver  with  wate^  manifolds  on  both  ends.   When  these  manj- 
(o  Ids  "are  removed  tin  water  tubes  can  be  easily  cleaned  of  deposits  which  may  reduce 
heat  transfer.  15 
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Figure  6.   Complex  Equipment  Cooling. Refrigeration  System  j 
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The  capacity  of  u  water-cooled  condenser  is  high  due  to  good  thermal  contact 
i><  iwcen  the  exiling  medium  (water)  and  the  refrigerant  (R-12). 

-  The  transfer  varies  directly  as  the  amount  of  water  passed  through  the  condenser. 
If  the  flow  of  water  is  fast,  more  heat  will  be  removed,  and  if  water  floe  is  slow  the 
he ai  removal  will  be  less.  To  control  how  fast 'this  water  passes  through  the  condenser 
a  modulating  type  valve  is  usually  installed.'  This  modulating  valve  will  open  and  close 
depending  on  the  amount  of  heat  to  oe  removed  to  maintain  a  constant  head  pressure. 
Dv  doing  this  we  are  controlling  the  capacity  of  the  condenser. 

Cooling  Tower f  -  < 

In  some  localities^ater  contains  chemicals  causing  it  to  be  unsuitable  for  use  a* 
.a  coolant.  In  other  art* as  water  may  be  scarce,  expensive,  or  its  use  may  be  limited 
l?v  law.  \M  «h. 


.  To  permitting  a  water-cooled  condenser  and  save  on  watei  consumption,  water 

cooling  towers  are  used. 

■ 

These  systems  take  the  watecrfrom  the  condenser  to  the  top  of  the  tower.  The  top 
is  jf  erced  with  holes  allowing  the  water  to  fall  down  on  wooden  slats.   Air  is  rushing 
through  the  wooden  slats  where  some  of  the  water  is  evaporated  and  the  gfeporation 
process  cools  the  remaining  water  to  the  outdoor* jtemperat ur e  or  even  below*.  The 
cooled  water  collects  in  the  bottom  of  the  tower  and  passes  through  a  screen  to  remove 
loaves  or  other  foreign  material  and  is  then  recirculated  back  through  the  condenser 
by  means  of  a  pump.  A  float  controlled  valve  in  the  lower  water  pan  provides  for  make- 
up or  refill  wateY  as  needed.  Chemicals  may  be  and  should  be  put  in  the  water  to  pre- 
vent or  retard  rust  formation,  fungus  growth  and  the  like.  » 

\  I  '  •    s  • 

Codling  towers  are  made  of  corrosipn  resistant  material  such  as  steel  zinc-dipped 

after  assembly,  copper,  stainless  st.eei,or  wood  treated  to  resist  rot.  Wood  type 

cooi  ng  towers  should  never  be  painted  as  this  will  cause. the  wood  to  rot.  Remember 

on  startup  of  /wood  cooling  tower  there  will  be  a  large  amount  of  leakage  until  the 

wood  swells  and  seals  itself.  . 

Evaporative  Condenser  % 

4 

The  evaporative  .i\>ndenser  is  a  comparatively  new  arrival  in  the  refrigeration  field. 
However,  there  is  nothing  new  in  either  ib  operating  principles  or  construction.  It 
combines  into  one  unit  two  of  the  oldest  pieces  of  refrigerating  apparatus;  the  water- 
cooled  condenser  and  the  cooling  tower.  / 

The  evaporative  ondenser  (see  figure  7)  consists  of  a  cooling  tower  "with  the  wetted 
deck  repUced  uy  a  r  Htaciser  consisting  of  a  roibof  bare  surface  tubing.  The  water  is 
jumped  from  the  botton    f  the. tower  to  the  ton  and  sprayed  over  the  coils.  The  hot  gas 
from  the  compressor  :    as  into  the  condenf  er  where  its  heat  evaporates  the  water  that 
is  being  snravea'm  th( \   ils.   Air-MS  being  -irawn  in  at  thtt  bottom  of  the  tower,  pulled 
thiouch  the  rondvitt>rr  •v.:re  i.  picks  uj  the  heat  which  is  expelled  at  the  top.  Evapo- 
rative condensrr*  \*. <  *   -v  efiective  unit;     HoweverNeheir  use  is  limited  to  the  same 
apn.icatior  a>  iorr1*?:*        e**tion  cooling  *  »w  ;:s;  and,  in  addition,  they  should  be  located 
as  near  the  compress  >i  as  possible. 

«.  r 


Evaporative  condensers  consist  o!  a  housing,  fan,  condenser  coil.  wat«r  spray 
nozxles,  water  pump,  and  collecting  pan.  Some  evaporative  condensers  axe  equipped 
with  liquid  receivers,  liquid  subcooling  colls,  and  eliminators.    See  Figure  7.  i 

INSTALLATION.   Evaporative  condensers  are  usually  locate*  outdoors  or  indoors 
adjacent  to  an  outside  wall.  Condensers  which  are  located  outdoors  are  placed  on  a 
solid  level  concrete  foundation  or  piers  adjacent  to  the  machinery  room  wall.  Discharge 
air  outlets  direct  the  air  away  from  the  inlet  air  connection  to  prevent  recirculation  of 
the  warm  moist  air  back  into  the  inlet  duct. 

Condensers  installed  indoors  have  the  same  foundation  as  those  installed  outdoors. 
They  should  be  placed  next'to  »»ie  Outside  wall  so  that  the  air  inlet  duct  from  the  wail  to 
the  unit  will  be  short.   The  size  of  the  duct  must  nejver  be  smaller  than  the  >p*<rung  jnto 
the  unit   The  opening  in  the  wall  should  be  covered!  with  a  1  4-inch  mesh  screen  to 
prevent  trash  from  entering  the  unit.  ] 
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Figure  7.   Diagrammatic  Illustration  of  Evaporative  Cooler 
sufficient  soace  should  be  left  on  all  sides  'of  the  condenser  for  servicing,  cleaning 
and  g^rmaTnTenTc"  Motors,  drives,  and  electrical  switches  should  be  protected 
by  the  use  of  metal  guards  or  hoods. 
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CAPACITY  COHTROU  Good  capacity  control  of  an  evaporative  condenser  la 
difficult  because  of  tha  motors  involved.  Ao  an  example ,  a  sou  rat  tht  evaporative  con* 
ienser  it  being  uaad  with  a  four-%yiinder  comproaeor.  Tha  comprtaaor  ia  equipped 
with  cylinder  unloaders.  The  evaporative  condanaar  must  be  designed  to  handle  the 
iota!  heat  load  when  all  cylinders  are  loafed.  As  the  load  reduces  and  one  or  more  of 
the  cylinders  unload,  the  evaporative  condanaar  becomes  overaise  for  that  'particular 
load*.  When  the  compressor  Is  operating  with  only  one1  cylinder  loaded,  over-conden- 
sing will  occur  and  there  may  be  some  flashing  of  the  liquid  refrigerant  In  the  liquid 
line. 

*? 

■  -  Following  are  four  general  methods  of  capacity  control  used  on  evaporative, 
condensers: 

Modulating  Dampers.  This  is  the  best  method  of  capacity  control.  As  the  head 
pressure  varies,  the  damper  opens  or  closes,  allowing  more  or  less  air  to  pass  through 
the  unit.  The  damper  should  completely  close  each  time  the  compressor  cycles.  TVs 
will  eliminate  the  possibility  of  air  passing  through  the  unit  by  natural  convection  and 
reducing  the  head  pressure  excessively  during  the  off  cycle. 

*'  Cycle  the  Water  Flow.  When  the  head  pressure  drops  below  a  predetermined  point 
the  pump  water  stops  and  the  unit  acts  as  an  air -cooled  condenser  until  the  head  prea* 
*  sure  builds  up  to  the  desired  pressure.  This  is  a  very  good  method  of  capacity  control 

but  it  has  one  disadvantage;  it  causes  scale  formation.  Each  time  the  water  stops,  the 
water  left  on  the  colls  evaporates  and  leaves  a  thin  coal  of  minerals  and  scale  on  the 
coil.  There  Is  very  little  mineral  left  after  each  cycle;  but,  after  a  period  of  time,  it 
does  build  up  excessively.  Allowing  the  water  to  flow  as  continuously  as  possible  re- 
duces this  scale  formation.  • 

■  i       Cycle  the  Fan.  When  the  head  pressure  drops  below  a  predetermined  point,  the  fan 
stops.  The  water  continues  to  flow,  and  the  moist  air  is  carried  off  by  natural  con- 
vection only.  The  cooling  coiU  must  be  quite  large,  6r  the  fan  will  have  a  tendency  to 

short  cycle.  f 

rwo-Coil  Condenser.    The  condenser  is  divided  into  two  parts.  When  the  head 
pressure  drops  below  a  predetermined  point,  a  solenoid  valve  closes  catting*  off  one 
of  the  condenser  coils.  The  unit  continues  to  operate  on  one  coil  only. 

MAINTENANCE.   For  satisfactory  operation  of  evaporative  condensers,  there 
must  be  an  unrestricted  fUvw  of  air  through  the  system.  The  .inlet  and  outlet  openings 
must  be  free  and  unrestricted.  Check  these  areas  to  make  sore  that  trees,  vegetation, 
boxes,  or  crates  do  not  obstruct  the  airflow.  The  Inlet  louvers  and  screen  must  be 
checked  and  cleaned  periodically.  / 

Waterier  \z  very  important.  (The  pump  Inlet  screens  and  spray  notsles  should  be 
cleaned  weekly.  Once  each  month  the  condenser  colls,  spray  chamber,  and  collecting 
pan  should  be  scrubbed  with  a  brush  and  flushed  warn  water.  Once  each  year  the  con- 
denser should  be  dismantled  and  Inspected./  AU  worn  or  dam, aged  impellers  must  be 
replaced.  The  bearings  in  all  pumps,  fans7,  and  motors  must  be  c hack, ad  and  replaced 
if  necessary. 
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A  good  water  analysis  tad  treatment  program  must  be  established  and  maintained. 
Thla  will  keep  scale,  corrosion,  and  algae  from  becoming  a  problem. 

CHANGING  CONDENSER  OPERATION.   In  changing  from  one  condenser  to  the 
other  (figure  8)  five  steps  are  Involved.  * 

p  {I.    Close  the  hot  gas  valve  (a)  of  the  Id  s  yst  em.  ' 

2.    Open  the  ft&t  gas  valve(s)  of  .the  new  system.  , 

3'.  \ Operate  on  the  new  system  until  pump  down  is  completed. 

4.    Close  king  valve  of  the  old  system. 


5.    Open  king  valve  of  the  new  system. 


Assume  thai  we  are  operating  the  system  on  air -cooled  condensers  and  deaire  to 
operate  with  the  evaporative  condenser.   Assume  also  that  all  of  the  refrigerant  is  in 
the  rjsceiver  of  the  air-cooled  condenser.  According  to  the  five  steps  above,  we  would 
close  valves  No.  3  and  No.  4,  and  open  valve  No.  2  and  valve       2A.   Then  we  would 
operate  the  system  using  the  evaporative  condenser, until  the  unit  pumped  down  and  shut 
off.   During  this  "operation,  we  were  removing  refrigerant  from  receiver  "A"  and  plat  - 
int  it  in  receiver  "B. "  Ail  we  have  to  do  nowls  close  king  valve  $<Jo.  7  and  open  king 
valve  N  .  6.  The  system  will  automatically,  start  up  and  operate. 

To  operate  on  the  water-cooled  condenser  from  the  evaporative  condenser 

1.  Close  valves  No.  2  and  No.  2A. 

2.  Open  valves  No.  1  and  No.  1A. 

3.  Operate  system  on  water-cooled  condenser  until  pump  down. 

4.  Close  valve  No. 

5.  Open  valve  No.  5.  The  system  is  now  operating  on  water-cooled  condenser. 

i 

Starting  the  System 

4 

To  start  the  air  handler  motor,  close  the  air  handler  manual  circuit  breaker  liver 
and  press  the"  start  button.  The  air  handler  will  start. 

To  start  the  compressor,  close  the  compressor  manual  circuit  breaker  lever  and 
close  manual  switch  S-2.   The  compressor  will  start.  There  are  no  physical  conntruoiu 
between  S-2  and  the  compressor,  yet  it  is  this  manual  switch  which  allows  the  comi  re*  - 
sor  to  start.  The  reason  for  this  is  that  on  large  units  of  this  tvpc.  we  pump  down  ■  he 
system  on  shutdown  bv  closing  the  refrigerant  solenoid  valve.   With  no  refrigerant 
going  up  to  the  compressor,  the  auction  pressure  will  reduce  to  the  setting  of  the 
pressure  (LP)  motor  control.  This  will  open  the  LP  contacts.  Wuen  the  LP  molur 
tacts  open,  the  compressor  starter  holding  coil  will  deenercize  opening  uu-  compj  , 
sor  mam  contacts  and  stopping  the  compressor.  When  srartmc  the  compressor  wit 
the  S-2  closed,  the  solenoid  valve  will  open  allowing  retngor.ur  vapor  •  >  p  v«  •  .  in- 
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Figure  8.  Complex  Equipment  Cooling  Refrigeration  System 
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Figure  9.   Wiring  Diagram  of  Equipment  Cooling  Svstem 

compressor.   The  low-pressure  mqtor  control,  <jp  sensing  increased  refrigerant  va|, 
pressure,  will  close.   The  holding  coil  will  energize,  closing  thr-  main  contacts  ant 
the  compressor  will  start. 

Safety  Controls 

\  The  HP  and  LP  motor  controls,  oil    tfety  switch,  and  overbad  thermal  switch  - 
in  series  with  each  other  and  with  the  compressor  holding  coil.   Should  a  condition  e; 
to  opai  any  of  these  safety^cpntrols,  the  holding  coil  will  deenergi2e  operjin^  the  mai. 
contacts  arid  the  compressor  will  immediately  Stop.  All  of  these  controls  an  i'>cate 
the  left  side  of  figure  9.   There  will  be  no  pump'dowp  of  the  svstem  when  onv  one  of 
controls  on  the  Idft  sid£  of  figure  9  opens,         ^  q  X 
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Of.  the  n\'M  side  »\  figure  9,  manual  switch  S-2,  PE  relay  R-l  in  conjunction  with 
i  uiUiinscrtHjn  thermostat  T-2  and  fan -compressor  interlock  are  in  aeries  with  each 
•  ther.   Power  is  provided  between  U  and  L2.   Stould  one  of  these  controls  open,  the 
refrigerant  solenoid  valve  will  close  and  the  compressor  will  pump  down  and  stop.  It 
i>  easier  to  understand  this  circuit  it  you  start  at  LI  and  stop  at  L2.   For  example, 
assume  that  the  air  handler  motor  stopped.  The  air  handler  main  contacts,  including 
the  fan-compressor  interlock,  will  opsn.  With  the  fan -compressor  interlock  exacts 
<>  >en,  power  is  cut  off  to  the  refrigerant  solenoid  valve.  The  compressor  wiU  then 
p  imp  down  and  stop.  Study  the  diagram  in  figure  0;  it  will  help  you  understand  the 
o  iera»ion  of  the  system  and  will  make  troubleshooting  easy  for  you. 

EQUIPMENT  COOLING  ELECTRICAL  CONTROLS 

S.Jetv  Precautions 

Manv  factors  affect  the  safety  of  personnel  and  of  delicate  controls  during  operation 
ind  maintenance  of  air  -conditioning  equipment.  A  few  precautions  follow: 

1 ,  Do  not  wear  rings  or  jewelry  wfffen  working  on  electrical  equipment. 

2.  Hn  not  adiust  electrical  controls  unless  you  are  checked  out  and  authorized 

t  ♦  *  do  s< » . 

3     \i  this  bloc  I:  of  instruction,  touch  controls  only  when  directed  to  do  so  by  your 

instructor. 

4.  Beware  of  electrical  feedback. in  electrical  control  circuits. 

5.  Review  AFY  ! 27-101 ,  Industrial  Safety  Accident  Prevention  Handbook. 

v^ohcation  of  Series  a0  Control 

It  :s  often  desirainr  to  control  the  temperature  of  an  equipment  cooling  space  by 
rontrolling  the  amount  of  air  that  circulates  across  a  direct  expansion  (DX)  coil.  Figure 
lu  is  a  diagram  iSf  th  -  application. 

When  tr.i  ro.>ni  p  ;nperature  cools  below  the  set  point,  the  room  thermostat  wiper 
moves  toward  the  fo1"*  lead  B.   This  causes  more  current  to  flow  in  the  right  circuit  of 
p  <  resistance  bnd^     energizing  the  CCW  winding  oi  the  face  and  bypass  damper 
u  nr.    Thr  fare  d;.   ;uir  will  chsc  and  the  bypass  damper  open  until  the  resistance 

hrilge  circuits  arc  a  mi  in  in  balance. 


Figure  10.    Face  and  Bypasi  Damper  Temperature  Control 
High  Limit  Humidlstat  -  t  . 

In  moat  equipment  cooling  systems,  we  do  not  control  humidfcy  at,  a  specified 
figure,  but  are  given  a  high  limit  such  as  50  percent  which  we  must  not  exceed.  Thif. 
can  be  accomplished  very  easily  by  inserting  a  series  90  high  limit  humidistat  in  a  , 
basic  series  90  circuit  (see  figure  11).  .  *' 

>  > 
Suppose  that  the  maximum  humidity  allowed  in  the  equipment  cooling  system  is  SQ  ^  •• 

percent,  and  the  thermostat  is  set  with  the  face  and  bypass  half  open..  As  long  as  the 
humidity  remains  below  50  percent,  the  humidity  pot  wiper  will  remain  at  I.  When  the 
humidity  in  the  room  goes  above  50  percent,  the  humidlstat  hair  will  become  longer, 
causing  the  humidlstat  pot  wiper  to  move  towards  2.  This  movement  adds  more  resis- 
tance to  the  right  series  90  circuit.  More  current  will  flow  through  the  clockwise  relay   '  •§ 
winding;  the  damper  motor  will  turn  clockwise,  opening  the  face  damper.  With  more 
air  going  over  the  DX  coll,  more  moisture  will  be  removed  from  it,  and  eventually  the 
room  humidity  will  decrease.  The  high -limit  humidlstat  will  override  the  thermostat 
and  cause  the  face  damper  to  open  more  than  the  thermostat  wants  it  to.   Naturally,  if 
the  face  damper  is  open  more  than  the  thermostat  is  calling  for  it  to  open,  the  room 
temperature  will  drop  below  the  desired  value.  This  is  corrected  by  adding  a  reheat  * 
steam  or  hot  water  coll  operating  on  command  of  a  second  pot  in  the  room  thermostat. 
A  complete  system  is  shown  in  figure  12.  This  system  will  maintain  both  the  tempera- 
ture and  humidity  within  the  limits  of  an  equipment  cooling  system.   Figure  13  shows 
the  wiring  that  would  have  to  be  accomplished  by  a  refrigeration  specialist  in  connecting 
the  complete  control  system. 
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A  schematic  of  a.  typical  equipment  cooling  system  is  shown  n\  :i*-;.rt ' .  ;  Hie 
thVrTnostat  controls  th*  temperature  of\he  air  in  the  equipment  c-  ulina  s:;.u-i\  ^  This 
is  done  by  modulating  the  Tace  and  bypass  damper^.    The  face  ami  h\p;t.sh  tampers  .1  . 
so  arranged  that  thev  operate  opposite  each  other.   When  the  late  aampev  >-penrng" 
the  bypass  damper  is  closing.   The  face  damper  wi^Ll  be  1  4  op.  n  .vi.en  th»  tr.pass 
damper  is  3  4  open.    When  the  temperature  is  at  set  point,  b.  t;,  .,v    am'  %).p..si-  dan...*  . 
\Will  be  in  the  half. position.  •  Half  position ,can  be  ooJ-led  eitner  Mi:    inn  -  a-Jiall  clos.. 
When  the  space  becomes  warmer  than  the  set  point  of  the  thei  r.       fcZC.t  .n  ih:s 
example),  the  thermostat  will  signal  the  danjper  motor  to  open  t'ne  .act  .«.i«»?wr  *h*\ ' ' 
more  than  1  2.   Opening  trub  damper  will  cause  'more  air  tj  ,/*ss    ver  i:irec*^k- 
pansion  cooling  coil.   The  supply  air  will  become  cooler,  there!    .:.nv.:nnV  .nt^:\j\A«  . 
temperature  back  to  T5°F. 

With  the  space  temperature  at  75°F,  ttfe  thermostat  directs  the  face  damper  ttr!  • 
exactly  1  2  open.   Now  let  us  assume  that  the  humidift*  in  the  equipment  c  nnim  Suae  ■ 
goes  above  the  high  limit  set  point  of  50  percent  to  51  pet  cent.    Thfc  huh  li  *.nt  humic  - 
stat  (H-l)  will  override  the  thermostafand  command  the  *f  ace  cLmper  to  open  more  t..;m. 
1  2.    The  DX  coil,  having  a  mean  surface  temperature  ..apparatus  \icwp<>:m  ui^d^ui 
40°F.  will  remove  more  grains  of  moisture  from  the  circulate  .av  ami  ,U  Linujvili 
lower  tnc  space  relative  hum:dity. 
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r  Figure  13.    Schematic  of  a  Typical  Equipment  Coolinu  System 

Because  the  humidistat  opened  the  face  damper  more  than  itu; thermostat  wanted  u 
to.  the  space  temperature  will  drop  below  75°F.    In  this  case  the  thermostat  directs 
the  reheat  coil  to  furnish  heat  to  the  supply  air  so  that  the  space  .viU  be  exactly  75  F . 
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In  >ummu»«WL  actios  of  the  thermostat  and  humidi.tat.  the  ^*rm?™J^*£* 
I  T??vWamperNi  and  reheat  coll.  The  ImmldiaUt  Has  more  ^rttythanthe 
i^rn^at^ntrom^  the  (ace  and  bypass  damper,  and  ^^S^SS^ 
,n  ,  ausin*  the  favc  damper  tq.  open  wider  than  usual.  The  ^^J,1^^ 
■  u  rehcu  cotl.  *  in  this  manner,  botn  temperature  and  maximum  humidity  requirements 
can  be  maintained  in  an  equipment  cooling  apace. 
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Figure  14.    External  Wiring  of  Temperature  and 
High  Limit  Humidity  Control  System 

EQUIPMENT  COOLING  PNEUMATIC  CONTROLS 

Bleed  Tvpe  pneumatic  Controls 

Control  terms  have  not  been  standardized  in  the  Air  Force  or  ^r^Wojtai 
industry  a  though  some  attempts  have  been  made  to  do  so.   In  this  study  guide  the  loi 
lowing  terms  will  apply.  >  , 

Supply  and  Main  air  refers  to  the  air  which  is  furnished  to  the  controller. 

Control  and  Branch  an>  refers' to  the  air  which  leaves  the  controller  and  goes  to 
the  valve  or  damper.  < 
Pneumatic -electric  relay  refers  to  an  air  actuated  device  which  causes  electric 
contacts  to  make  or  breafc. 
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Electric -pneumatic  re.ay  reiers  to  an  electrically  actuated  device  vhich  allows  air 
troin  a  controller  to  reach  the  valve  it  is  controlling. 

Otliv*  control  terms  have  been  defined  (or  you  in  Block  VII  of  thia  course. 

Operation  of  the  bleed  type  pneumatic  control  can  best  be  explained  by  referring  to 
.  4U1C  16.  The  reatrictor  .nfice  in  the  pneumatic  line  is  adjusted  so  that  it  is  smaller 
t'"ui  the  nozzle  opening.  This  allows  the  branch  line  pressure  to  vary  between  3  and  15 

ps\  ae^  -ndirg  on- the  position  of  the  flapper. 

"  «n  yoUiTefer  to  the  bleed  control  (Fig.  15),  assume  that  the  room  humidity  in- 
,    ases.   Moisture  will  cause  the  ha:r  in  the  humidistat  to  expand  and  move  the  flapper 
aw  troro  the  nozzle.   This^ovement  allows  a  greater  amount  of  air  to  bleed  at  the 

no/.*»e  which,  in  turn  decreases  the  branch  line  pressure. 

«  « 

Smce  the  branch  i-ne  pressure  to  the  normally  closed  (NO  pneumatic  steam  valve 
has  decreased.  »he  valve  will  move  toward  the  closed  position.  This  movement  de- 
creases the  amount  of  steam  which  is  fed  into  the  room.  Thereby  decreasing  its 
relative  humidity.  v 

When  the  humidity  in  the  room  decreases,  the  reverse  of  that  described  in  the 
preceding  paragraph  takes  place. 

Pntumatic -Electric  Relays 

Pneumatic -electric  relays  tre  used  in  a  number  of  applications.  A  common  appli- 
cation is  shown  in  figure  16.   Branch,  line  air  from  a  controller  closes  a  set  of  contact 
points  (figure  16)  which  allows  *  refrigerant  solenoid  valve  to  open.  When  the  branch 
line  air  pressure  reduces  to  some  predetermined  amount,  the  electric  relay  contacts 
open  and  the  refrigerant  solenoid  valves  close.  On  the  25-ton  system  this  is  the  func- 
tion of  the  graduatat  (or  freezestath  As  long  as  the  pressure  being  sensed  is  above 
the  cutout  pressure,  pressure  is  applied  to  the  bellows  maintaining  a  closed  circuit  in 
the  P-E  reiay,  which  insures  the  solenoid  valve  is  open.  If  the  pressure  decreases  the 
series  circuit  is  broken,  closing  the  solenoid  valve  and  causing  the  system  to  cut  out  on 
LPMC. 

Electric -pneumatic  Relay 

The  conLroller  branch  line  air  routes  through  the  electric -pneumatic  relay,  for 
this  reason  the  controller  in  figure  17  is  in  command  of  the  steam  valve  only  when  the 
air  conditioner  fan  is  on.  This  is  a  safety  precaution,  for  if  the  air -conditioner  fan 
should  stop  due  to  an  electrical  trouble,  steam  for  humidification  to  the  room*  will  be 
shut  off  as  air  to  the  valve  is  bled  off  to  the  atmosphere. 

Adjustment  of  Pneumatic  Controllers 

As  with  the  electrical  controllers,  pneumatic  controllers  can  also  be  calibrated  in 
five  easy  steps  as  follows: 

M  -  Minimum  -  With  humidistat  at  full  bleed,  adjust  restrictor  to  3  psi. 

C  -  Center  the  branch  pressure  to  I  '2  of  main  line  pressure. 

O  -  Observe  the  humidity  at  the  wood  element  (use  instrument). 

A  -  Adjust  the  scale  plate  to  the  humidity  observed  in  the  preceding  step. 

S  -  Set  the  humidity  (set  point)  needle  to  the  desired  humidity. 
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Figure  19.    Psychrometric  Plot 

In  a  previous  study  guide  we  defined  the  lines  and  the  scales  that  we  use  on  the  chart 
Figure  19  shows  a  composite  of  the  lines  discussed  and  the  relationship  of  the  various 
lines  and  scales  to  each  other.   This  figure  shows  dnly  a  single  plot,  but  psychrometric 
analysis  will  involve  two  to  four  plots  in  order  to  compare  allof  the  temperatures  and 
properties.  # 

To  have  a  good  comparative  analysis  of  the  air,  we  must  be  able  to  identify  the 
various  names  given  to  the  air  as  it  goes  through  the  system.  Air  at  outside  conditions 
is  called  Outside  Air  (OA).   It  is  introduced  into  the  system  through  the  ducts  and 
various  plenums,  taking  on  other  names  during  its  travels. 

Supply  Air  (SA)  is  the  air  that  is  cooled  to  the  final  desired  condition  and  supplied 
to  the  controlled  tfpace.  As  it  ip  recirculated  into  the  return  duct,  it  becomes  Return 
Air  (RA).  If  the  a* r  is  to  be  exhausted  to  offset  the  OA  brought  in.  then  the  air 
exhausted  is  labeled  as  Exhaust  Air  (EA).   If  any  of  the  air  types  are  mixed  in  a  mix- 
ing plenum,  then  the  name  given  to  the  air  following  this  process  is  Mixed  AirKMA). 
All  of  these  situations  can  be  plottedr^  Mixed  airjvill  be  covered  later. 

Psychrometric  Problems 

♦  + 

In  solving  psychrometric  problems,  we  will  plot  tfle  conditions  of  the  air  passing 
through  the  system.   To  graphically  Illustrate  the  conditions  of  the  air  at  given  points, 
we  must  identify  a  few  moro  terms  that  will  apply  in  this  analysis.   Some  of  the  terms 
include  the  following: 

?2  501 
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*  .«*  Grain*  of  Moisture^  Removed 

•  Pound!  of  Moisture  Removed 

•  Total  Btu  Removed 

*  Sensible  Btu  Removed 

•  Latent  Heat  Btu  Removed 

*  Coil  Slope 
Room  Slope 

*  Apparatus  Oewpotnt  < 

•  Mixed  Air  Plots 

NOTE:  In  psychro  metrics,  all  values  on  the  chart  are  per  pound  of  d*y  air. 

GRAINS  OF  MOISTURE  REMOVED.  This  quantity  is  found  By  subtracting  the  GM 
oi  the  smaller  plot  considered  from  the  GM  of  the  larger  plot  being  considered. 

For  example  if  the  RA  plot  contained  98  GM  and  the  SA  plot  contained  77  GM,  sub- 
tract 77  from  98  and  the  difference  would  be  21  GM  removed. 

POUNDS  OF  MOISTURE  ./REMOVED.  This  amount  would  »e  determined  by  the  same 
procedure.  If  the  RA  plot  contained  .  014  lb  and  the  SA  plot  contained  .  0076  lb,  sub- 
tract .00761rom  .014  and  th>  difference  would  be  .0064  pounds  of  moisture  that  were  • 
removed.  ^ 

HEAT  CONTENT  REMOVED.   This  can  be  found  by  subtracting  the  HQ  of  the 
smaller  plot  from  the  HC  of  the  larger  plot  and  the  difference  would  be  the  Btu  heat 
content  difference.   Earlier  in  this  course  you  learned  that  total  heat  is  sensible  heat 
plus  latent  heat.  Therefore,  when  necessary,  the  total  heat  removed  Can  be  separated 
into  specific  amounts  of  sensible  heat  and  latent  bent. 

Sensible  heat  is  heat  that  changes  the  temperature  of  a  substance  but  not  its  state. 
Latent  heat  is  heat  that  changes  the  state  of  a  substance  but  not  its  temperature.  When 
applied  to  water,  sensible  heat  changes  the  temperature  of  the  water  but  it  remains 
water.  Latent  best  changes  water  at  212°F  to  steam  si  212°F,  thereby  changing  it* 
state  from  a  liquid  to  a  vapor  but  with  no  change  of  temperature.  Sensible  heat  is 
measurable  with  a  thermometer:  latent  heat  is  not.  In  air-conditioning  work,  latent 
heat  is  involved  only  by  the  addition  or  removal  of  moisture  in  the  air.  The  psychro- 
metric  chart  is  the  only  tool  you  have  to  calculate  latent  heat. 

The  total  heat  removed  by  an  air  conditioning  unit  la  simple  to  calculate  on  a 
psvehroroetric  chart.  You  begin  by  determining  both  the  dry  bulb  and  wet  bulb  tem- 
perature of  the  s-jpplv  air . and  the  return  air.  Plot  both  dry  bulb  temperatures  on  the 
chart,  as  shown  in  figure  20.  Then,  plot  the  wet  bulb  temperatures  and  extend  their 
lines  through  the  heat  content  scale.  The  total  heat  removed  is  the  difference  between 
the  Btu  readings  taken  a  the  intersection  points  of  the  WB  lines  with  the  heat  content 
scale.   For  example.  .:s  shown  in  figure  20.  34  minus  15  equals  19  Btu  of  heat  removed. 
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Figure  20.    Heat  Removal  Plots 


When  necessary,  you  can  determine  how  much  of  the  heat  removed  is  sensible  heui 
and  how  much  is  latent  heat.   To  determine  sensible  heat,  draw  a  horizontal  line  from 
the  1-  RH  point  for  SA  until  it  intersects  with  the.  RA  line  as  shown  in  figure  20.* '  • 
From  this  point  of  intersection,"  draw  a  line  parallel  to  the  VVB  lint^s  to  the  heat  content 
scale.  The  difference  in  the  Btu  readings  at  this  point  and  the  SA  wet  bulb  line  is 
sensible  heat.  As  shown  in  figure  20,  28  minus  15  equals  11  Btu  of  sensible  heat. 
Latent  heat  is  the  total  heat  minus  sensible  heat.    Following  through,  this  is  19  minus 
11,  giving  a  latent  heat  content  of  8  Btu. 

COIL  SLOPE    This  is  the  amount  of  Btu  removed  from  the  air  entering  and  leav- 
ing a  coil.  To  graphically  illustrate  coil  slope.,  you  must  Join  the  t  RH  points  of 
the  TE  and  the  TL.with  a  straight  line,  arid  read  the  answer  on  the  HC  scale  by  sub- 
tracting the  HC  of  TL  from  the  HC  of  TE  (see  figure  21). 

ROOM  SLOPE.   This  is  the  amount  of  Btu  that  are  picked  up  in  a  room  from  the 
time  air  enters  as  supply  air  and  leaves  as  return  air.   Plotting  procedures  are  the 
same  as  for  coil  slope;  join  the  *  RH  of  TE  and  the  TL  w  i  th  a  straight  line  and 
read  the  answer  on  the  HC  scale  by  subtracting  the  HC  of  SA  from  the  HC  of  RA  and 
recording  the  difference  (see  figure  21K 

APPARATUS  DEWPOINT.   This  is  the  temperature  of  the  cooling  coil.   The  term 
apparatus  dewpoint  refers  to  the  cooling  coil  of  an  air-conditioning  system.  f  To  plot 
apparatus  dewpoint,  join  the  c  RH  of  TE  of  the  cotl  and  the  TL  of  the  coi\  and 
extend  the  straight  line  to  the  saturation  curve  and  read  the  temperature  at  the  point  of 
intersection.   Most  manufacturers  design  their  units  with  coils  to  be  maintained  at  40°F 
to  prevent  freezeup  of  the  coil. 
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Figure  21.  Coil  Slop*,  Room  Slope,  and  Apparatus  Dewpoint 
Figure  22  .how.  the  air  movement  through  the  system  <hat  you  *1U  operate^Note 
that  SfS  «oee  through  theme,  damper,  orj C^S^TKl 
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put  of  the  fas  shown  at  B. 

A.  Swirling  platee 

B.  Fan  section 

C.  Steam  load  coil  a  action 
0.  Hot  water  load  coil  section 

E.  Cooling  coil  section 

F.  Face  and  bypass  dampers 

G.  Filter  section 

H.  Steam  reheat  coil  aection 

I.  Steam  Jet  humidifier 
j.  pitot  tube  openings 
K.  Hot  water  reheat  coU  aection 
L.  Test  cabinet  area 
M.  The  controls  mounted  on  the  left 

side  of  the  unit 

N.  Freeze  protector 
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Figure  22.   Air  Movement  Through  25-Ton  System 
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APPLICATION  OF  TEMPERATURE  AND  RELATIVE  HUMipiTY  CONTROLS 

Application*  of  automatic  control  syafems  range  from  simple  domestic  temperature 
regulation  to  precision  control  of  iaduatrial  processes.  Automatic  controls  can  be 
used  wherever  a  variable  condition  must  be  controlled.   That  condition  mav  be  press  .ire 
temperature,  humidltv.  or  rate  and  volume  of  flow;  and  it  may  exist  in  a  liquid,  a  solid 
or  a  gas.  , 

-In  the  following  paragraphs,  we  will  see  an  appUcation  of  controls.   .These  control* 
are  employed  to  maintain  the  relative  humidity -and  temperature  in  a  space. 

Control  ai  Temperature  and  Relative  Humidity  (RH) 

CONTROLS,  The  controls  used  for  control  of  the  system  consist*  primarily  of~ 
Room  Thermostat  T-l  and  Humidistat  H-l.    The  compressor  capacity  control  haj  been 
adjusted  so  that  all  the  cylinders  are  loaded.  The  bypass  dampers  are  closed  as  ind:  - 
cated,  and  the  reheat  coil  is  closed.   The  maximum  sensible  and  latent  heat  load'possi- 
ble  has  been  placed  on  the  system  to  produce  a  room  condition  of  7  5°F  and  50  percent  RH 

CONTROL  ADJUSTMENT.     Place  the  normal  room  load  on  the  system.    In  this 
example  probably  15  tons.  Adjust  the  set  point  of  thermostat  T-l  to  7  5°F  and  hmh 
limit  humidistat  H-l  to  50  percent  maximum.   Adjust  the  capacity  control  (Cylinder 
Unloaders)  so  that  one  cylinder  will  be  unloaded  when  the  ADP  is  40°F.   Observe  the 
operation  of  the  system  and  trim  the  controls,  as  necessarv,  to  maintain  the  desired 
room  conditions. 

COMPRESSOR  CAPACITY  CONTROLS 

Equipment  Application 

.    Assume  that  a  theater  has  a  maximum  heat  load  of  thirty  tons.   The  equipment  must 
be  large  enough  to, handle  this  load.  However,  what  happens' when  tfte  heat  load  is 
reduced  to  only  five  tons?  The  equipment  is  now  so  oversized  that  it  will  cut  in  and  out 
very  rapidly.   This  is  called  short  cycling  which^can  damage  thecsvstem.   Short  cycling 
can  be  reduced  by  increasing  the  differential,  the  difference  in  degrees  between  the  cut- 
in  and  cut-out  of  the  system.   However,  increasing  the  differential  will  cause  the  ten;  - 
peratUre  to  become  too  high  before  the  system  cuts  in  and  too  low  before  it  cuts  out. 
Problems  of  this  type  can  be  solved  in  several  ways.   Some  of  the  possible  solutions" 
are: 

1.    Install  six  5-ton  air-conditioning  units.  In  this  case,  the  temperature  can  be 
controlled  by  fuming  units  on  or  off  as  the  load  varies.   This  solution  is  bui:. 
expensive  and  cumbersome. 
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2.  Vary  the  speed  of  the  compressor.  If  the  compressor  it  driven  by  aa 
internal  combustion  (gasoline  or  natural  gas) 'engine,  it  will  be  possible 
to  reduce  the  speed  of  the  compreeeor  as  the  load  la  reduced.  When  the 
cooling  load  wan  30  tone,  the  compreeeor  would  be  running  at  maximum  - 
RPM.  A*  the  toed  reduced,  the  RPM  of  the  compreeeor  would  also 
reduce.  At  IS  tone  the  tomproeeor  would  be  running  at  half  its  maximum 
RPM.  This  is  a  very  good  method  of  capacity  control.  The  temperature 
differential  of  the  conditioned  space  can  be  maintained  within  a  very  close 
range. 

It  is  veiVdifficult  to  vary  the  speed  of  a  compressor  that  is  being  driven 
trypan  alternating  current  motor.  Multi speed  induction  motors  with  2,  3,  or 
evenVspeeds  are  available  and  can  be  used.  However,  they  are  very  ex- 
pensive, and  the  speed  variationa  are  not  gradual  but  change  abruptly  from 
one  speed  to  another.  Speed  variation  of  alternating  current  motors  is 
possible  by,  using  a  drum  controller  and  a  resistor  placed  in  series  with  the 
starter.   However,  this  system  requires  expensive  switchgear  and  is  seldom 
used  on  motors  of  less  than  100  hp. 

3.  Vary  compressor  capacity.  In  this  system,  the  compressor  runs  at  a  con 
stant  speed,  but  its  efficiency  is  reduced  as  the  load  reduces. 

There  are  three  basic  methods  of  reducing  the  compressor  capacity. 

-  Bypassing  part  of  the  discharge  gas  back  into  the  suction  line. 

.   Holding  the  suction  valve  open  during  part  or  sill  of  the  stroke  on  one 
*  or  more  cylinders. 

-  Varying  the  clearance  pocket  in  the  top  of  the  cylinder. 

Each  of  these  methods  will  work,  but  holding  the  suction  valve  open  is  the  most 
efficient  and  is  generally  used, 

CAPACITY  CONTROLS 

Cylinder  Bypass 

This  method  of  capacity  control  consists  of  a  means  of  bypassing  or  returning  part 
of  the  compressed  gas  in  the  cylinder  to  the  low  side.  This  bypass  arrangement  has  the 
effect  of  reducing  the  length  of  the  compression  stroke  so  that  the  volume  actually  de- 
livered to  the  discharge  line  is  less  than  rated  capacity.  A  schematic  of  a  simple 
cylinder  uatoader  is  illustrated  in  Figure  23. 
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During  maximum  load,  the  bypass  , 
valve  is  closed  and  the  complete  cylinder- 
is  utilized.   When  the  load  reduces,  the 
bypass  valve  is  opened;  and  the  vapor  goes 
through  the  bypass  line  until  the  piston 
moves  up  the  cylinder  and  closes  the  bvpass 
port.  When  the  bypass  valve  is  open, 
only  the  top  half  of  the  cylinders  beinu 
used;  and  the  piston  is  delivering  only  one  *. 
half  its  rated  capacity. 

An  automatic  bypass  system  illus- 
trated in  Figure  24.  During  maximum 
load  operation,  a  piston  type  valve  is  hold 
against  the  bypass  port  by  discharge 
pressure*  When  the  suction  pressure  reduces  to  a  predetermined  point,  the  pressure 
control  closes  a  switch  in  the  electrical  control  circuit.  The  completed  electrical  cir- 
cuit opens  the  control  solenoid  valve  in  the  head  pressure  line.  The  pressure  behind  the 
piston  passes  through  the  bleed  line  and  returns  to  the  low  side.   The  pressure  in  the 
cylinder  forces  the  piston  off  its  seat,  and  part  of  the  vapor  in  the  cylinder  is  bypassed 
to  the  suction  manifold. 


Figure  23.   Simple  Bypass  System 


There  are  several  different  types  of  bypass  systems.  Some  are  actuated  by  suction 
pressure;  others  are  actuated  by  the  temperature  of  the  conditioned  space. 
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Figure  24.  Automatic  Bypass  Svstem 
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C  learanct  Pocket 

The  clearance  volume  (mechanical  ciearuct)  it  that  apace  between  the  top  of  the 
,  Under  and  the  top  of  the  piston  when  the  platan  it  at  top  dead  center.  The  amaller 
this  apace,  the  more  efficient  the  compressor.  If  it  were  poaaible  to  increaae  or  de- 
crease this  space,  it  would  be  poaaible  to  control  the  efficiency  of  the  compressor.  A 
simple  clearance  pocket  capacity  controller  is  illustrated  in  Figure  25. 
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Figure  25.  Simple  Clearance  Pocket  Compressor  Capacity 


Under  a  maximum  load  condition  the  controllable  piston  is  at  point  A.  1  he  com- 
pressor is  operating  at  its  maximum  capacity  because  the  clearance  volume  la  amall. 
As  the  load  decreases  the  controllable,  piaton  mom  toward  point  B.  Thia  movement 
increases  the  size  of  the  clearance  volume.  Aa  the  clearance  volume  increasee,  the 
efficiency  of  the  compreaaor  oecreaees.  Compressors  equipped  with  clearance  pocket 
controllers  have  a  tendency  to  overheat.  Therefore,  some  means  of  auxiliary  cooling 
(extra  cooling  fins  on  ihe  head  or  a  cooling  water  Jacket)  must  be  provided. 

The  controllable  piston  can  be  adjusted  manually;  however,  for  smooth  efficient 
operation."  it  is  usuaiU  adjusted  automatically  in  response  to  changes  in  the  low  aide 
pressure. 

Cvlinder  Unload ers 

f 

This  method  of  compressor  capacity  control  ia  used  almost  universally  on  large 
multiple  cylinder  compressors  driven  by  alternating  current  electrical  motors.  A 
device  installed  in  the  compressor  holds  the  suction  valve  of  each  cylinder  open  aa  the 
load  decreases.   Assume  that  a  theater  with  a  30-ton  load  is  being  cooled  with  a  four- 
cv Under  compressor.   When  the  unit  starts,  there  is  only  one  cylinder  operating.  As- 
sume the  theater  is  cool.  The  other  three  cylinders  have  their  suction  valves  automati- 
callv  held  open.  As  people  come  into  the  theater,  the  air-conditioning  load  increases, 
and  number  two  cylinder  is  automatically  brought  Into  operation.  Thf  same  thing  hap- 
pens for  cvtinders  three,  and  four,  until  tnaxinwm  load  ia  reached.  After  fto  sun 
goes  down,  the  heat  lad  decreases.  Number  four  cylinder  la  then  automatically  ^ 
unloaded  bv  holding  the  suction  valve  open  again.  The  aame  tiling  happend  for  cylinders 
three  and  two.  As  the  need  for  refrigeration  continues  to  reduce,  number  one  f 
cylinder  reduces  the  low  side  pressure  to  a  predetermined  point,  and  the  unit  turns  ok. 
With  this  system,  there  is  very  little  on-off  operation.  The  compreaaor  runs  contin- 
uoualy  and  is  producinc  refrigeration  in  varying  amounts  as  required.  A  system  of  this 
type  will  maintain  verv  close  temperature  control. 

A  typical  cylinae:  unlcader  mechanism  consists  of  tour  main  units:  un loader 
sleeve,  unluader  powtr  element,  hydraulic  relay,  and  capacity  control  valve. 
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OPERATION.    The  operatioh  can  be  traced  in  Figure  26.      The  pressure  from 
the  crankcase  is  !ed  through  a  surge  chamber  which  changes  the  pulsating  pressure  to  a 
stabilized  oil, flow  to  the  capacity  control  valve  tl).  As  the  increase  of  pressure  enters 
the  valve^  an  internal  bellows  is  expanded;  and  the  push  x»ods  attached  to  thr  needle  and 
seat  assembly  pull  the  needle  toward  the  seat.   This  action  increases  yie  control  oil 
pressure*   The  increase  of  pressure  th  the  crankcase  is  Also  passed  through-the  oil 
pump  to  the  hydraulic  relay  (2).   NOTE;  This  pressure  is  true  oil  pressure  plus  suction 
pressure.   The  increased  oil  pressure  will  bleed  through  the  port  in  the  end  of  the  reUu 
piston  and  force  the  piston  to  move  one  notch  against  the  ball  and  sprint'  assembly  for 
each  increase  of  2  psi.   For  each  increase  of  2  psi,  the  repositioning  opens  a  port 
leading  to  an  unloader  power  element  <3)(   NOTE:  There  is  one  less  cylinder  unload tr 
power  element  thai^total  number  of  cylinders:  this  means  that  one  cylinder  will  be'  tulb 
loaded hi  all  times. 

As  the  unloader  power  element  (3)  has  the  increased  power  applied,  it  is  forced 
against  the  piston  face,  opposing  the  sprang  pressure  and  pushing  up  on  the  lifting  fork 
assembly  (4).  The  fulcrum  action  causes  the  lifting  fork  to  drop,  which  allows  the  un- 
l^adfej  sleeve  (5)  to  drop.  The  dropping  action  of  the  unloader  sleev<*  allows  the  push 
pins  (6)  to  fall  against  the  face  of  the  unloader  sleeve  allowing  the  suction  disc  i7)  to 
seat  on  top  of  the  cylinder  and  load  the  cylinder. 

As  the  pressure  decreases  in  the  crankcase,  the  decrease  through  the  capacity  ^ 
control  valve  (X),  causes  the  bellows  to  contract  and  tlje  push  pins  (9)  push  the  needle 
away  from  the  seat,  decreasing  the  control  oil  pressure  (10).  Thjg  decreased  control 
oil  pressure  will  allow  the  spring  pressure  to  reposition  the  piston/ closing  off  feedline 
ports  to  the  unloader  power  elements  one  notch  against  the  ball  and  seat  assembly  (11) 
for  each  2  to  2. 5  psi  change  in  pressure*   As  the  pressure  is  no  longer  being  applied  to 
the  unloader  power  element  (3),  the  internal  spring  pressure  forces  the  excessive  oil 
to  return  by  gravity  feed  to  the  crankcase.   The  fulcruih  action  of  the  lifting  fork  (4) 
forces  up  on  the  unloader  sleeve  (5).  This  lifting  action  pushes  the  lifting  pin  (6)  against 
the  disc  type  suction  valve  (7)  raising  it  off  the  seat,  unloading  the  cylinder. 
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Figure  26.  Cy Under  Unloader  Circuit 


ADJUSTMENT.  The  capacity  control  mechanism  must  be  adjusted  to  maintain  a 
balance  between  the  load  and  compressor  capacity.  This  adjustment  is  made  by  turning 
the  external  adjustment  item  on  the  capacity  control  valve.   .Turning  the  adjusting  item 
clockwise  (in)  unloads  the  cylinders.  Turning  the  adjusting  stem  counterclockwise  (out) 
loads  the  cylinders. 

*  * 

The  ideal  setting  ol  the  capacity  control  valve  is  achieved  when  the  first  cylinder 
unloads  at  a  pressure  of  3  pai  below  the  design  suction  presaure.  The  capacity  control 
valve  loads  and  unloads  cylinders  id  steps  to  balance  the  compressor  capacity  with  the 
heat  load.  The  compressor  must  be  completely  loaded  before  the  capacity  control  valve 
can  be  correctjy  set.  If  it  is  impossible  to  fully  load  the  system  before  setting  the  con- 
trol valve,  adjust  the  valve  to  give  a  minimum  of  cycling  and  make  the  final  adjustment 
when  the  system  is  fully  loaded.  A  step-by-step  procedure  for  adjusting  1^  capacity 
control  mechanism  is  contained  in  the  workbook  exercises  that  are  used  with  this  study 
guide. 
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*  TROUBLE  ANALYSIS 

Determining  the  cause  of  a  malfunction  in  an  air-conditioning  svsu-m  is  usuali 
much  more  difficult  than  repairing  it  once  the  trouble  is  located.  The  following  is 
a  trouble  analysis  chart  which  may  be  an  a\d  to  vou  in  finding  possible  troubles. 


TROUBLE 


1.  Low  suction  pressure 


2.  High  suction  pressure 


3.  Low  discharge 
pressure 


4.  High  discharge 
pressure 


5,  Abnormal  Noises 
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PROBABLE  CAUSE 

Cylinder  unloader  out  of 
adjustment 

j 

Restricted  liquid  line 
Insufficient  airflow 


T.E.W  power  assembly 

lost  charge 

> 

Cylinder  unloader  out  of 
adjustment 

Excessive  load  on  system 

Outside  air  temperature 
too  low 

Fan  pressure  switch  out 
of  adjustment 

Fan  pressure  switch  out 
of  adjustment 

High  outside  temperature 


Dirty  condenser 
Noncondensables  in  system 
Low  compressor  oil  level 
Loose  belt 

Broken  motor  mounts 

Vibrating  refrigerant  lines 

Bearings  on  fan  or  motors 
bad 

Compressor  slugging 
42 


REMEDY 


Adiust . 


Clear  restriction 

(1)  Clean  filter 

(2)  Tighten  air  hauder  bt*  it 

Replace  T.  F .  V, 


Adjust 


Close  doors 

Consider  possibility  of 
capacity  for  condenser 

Adjust 


Adjust  fan  switch 

Check  condenser  for 
cleanliness 

Clean  condenser 
Purge 

Add  oil 

Tighten  belt 

Replace  mounts 

Anchor  lines  K 

Replace  bearings  or  re-« 
place  complete  fan  or  "motor 

Install  accumulator 
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QUESTIONS  . 

1.  What  is  a  direct  expansion  type  equipment  cooling  system? 

2.  Why  i.  it  dangerous  to  get  nearer  than  one  foot  to  a  voltage  of  5,000  volts? 

3.  How  can  controls  shock  you  if  the  switch  is  turned  off? 


\.    What  is 


the  difference  between  comfort  cooling  and  equipment  cooling? 


5.  How  does  a  high  limit  humidity  control  function? 

6.  What  is  the  purpose  of  face  and  bypass  dampers  in  a  system  ? 

7.  What  is  a  DX  coil? 

8.  List  the  methods  of  capacity  control  of  TEVs  and  evaporators. 

9.  Explain  how  the  compressor  would  stop  if  PE  relay  opened.  Refer  to  Figure  9. 


10. 


What  safety  controls  stop  the  compressor? 


11.  Why  are  pneumatic  controls  not  usually  used  in  domestic  applications? 

12.  What  are  three  advantage*  of  pneumatic  controls? 

13.  What  are  the  meanings  of  main  and  branch  line  pressures? 

14.  What  Is  a  reverse  acting  controller? 

15.  What  is  the  difference  between  a  pneumatic -electric  relay  and  an  electric- 
pnewBtatic  relay? 

U.    What  are  the  five  steps  necessary  in  adjusting  a  pneumatic  controller  ? 

17.    What  is  the  primary  medium  used  to  control  temperature  in  equipment  cooling 
systems? 

4S 
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18.  What  two  things  must  be  known  to  calculate  coil  capacity? 

19.  How  la  the  efficiency  of  a  coil  determined? 

20.  What  ia  a  100  percent  efficient  coil? 

21.  Explain  the  operation  of  the  hot  gat.  bypass  system. 

22.  Explain  the  operation  of  the  adjustable  clearance  pocket. 

23.  What  is  the  purpose  of  cylinder  unloaders  ? 

24.  Explain  the  principle  of  operation  of  cylinder  unloaders. 

25.  Explain  the  procedure  for  adjusting  cylinder  unloaders. 

REFERENCES 

1.  AFR  127-101,  (Ground  Accident  Prevention  Handbook) 

2.  AFM  85-18,  Maintenance  and  Operation  of  Refrigeration,  Air  Conditioning, 
Evaporative  Cooling  and  Mechanical  Ventilating  Systems 

3.  Electric  Control  Circuits,  Minneapolis -Honeywell  Regulator  Company 

4.  Engineering  Manual  of  Automatic  Control,  Technical  Data,  Part  D.  Section  1 
(77-1000) 

5.  Instruments  and  Process  Control,  Delmar 

6.  Reference  Manual  for  the  Installer  and  Service  Man —Air -Conditioning  Controls. 
Minneapolis -Honeywell  Regulator  Company 

7.  Carrier  Manual  5F,  H,  5SD2 

8.  Refrigeration,  Air  Conditioning  and  Cold  Storage,  Gunther 

9.  Air  Conditioning,  Delmar 

10.    Modem  Refrigeration  and  Air  Conditioning,  Althouse,  Turnquist,  and  Brace laiio 
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FAMILIARIZATION  OF  HEAT  PUMPS 

OBJECTIVE:  Usls*  *•*  m      rtvmlaf  vatodwaoMCrator  corrtctly  i4«t*ify 
Mi  trscs  ths  Oov  o!  rstrtfsmt  tarottfh  tht  cootlaf  sad  hosting  eye 1st. 


1.    List  aad  ssplsJa  ths  tsrot  sourcss  of  hast  lor  ths  heal  pump. 

m.    ■ 


b. 


—% — r 


c. 


It— ' 

— II 

con 

CO«L 

Figure  1.    Mat  Pump  Components 


Match  the  letters  on  the  above  diagrams  with  the  proper  name  of  that  component. 

 Compressor   Evaporator  (Cooling)   Pilot  Valve 

 Reversing  Valve   Evaporator  (Heating)   Solenoid 

 Metering  Valve   Condenser  (Cooling)   Discharge  Line 

 Suctiolt  Line  Condenser  (Heating) 

Trace  the  flow  of  refrigerant  through  the  heat  pump  diagrams  shown  beiow, 
indicate  direction  of  flow. 

a.  Cooling  cycle.  ^ 

b.  Heating  cycle.  * 


What  system  pressure  moves  piston  in  reversing  valve? 


What  device  controls  the  positioning  of  the  reversing  valve  piston  ? 

 ^   ?  

31  7 


to  the  mIhH  toil  wtli  id  «  aw  kMUt«  cr  ewltof  cycto?. 
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tht^vCriftrftnt  ftow  through  ccmprcttor  rcwt«  during  U»  rwm 
cyeto  optrattoa?  V,  — 
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FAMILIARIZATION  OF  THE  PACKAGE  AIR  CONDITIONER  • 

OBJECTIVE:  Using  the  package  air  conditioner,  trace  the  flow  of  water  and  air, 
,  correctly  identify  the  components,  perform  preoperational  check  and  operate  system 
as  required  by  instructor. 


NOTE:  Turn  power  OFF. 


PART  I  v 

j 


1.  Remove  the  cover  of  the  package  unit.  * 

2.  Locate,  identify  and  list  function  of  components. 
NUMBER  COMPONENT  v  FUNCTION 

i. 


2. 


3. 


4. 


5. 


6. 


7. 


8. 


519 

4 
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cQMPOMPrr 


FUNCTION 


10. 


PART  a 


NOTE:  Turn  power  OFF. 

l»,r«tor  wlU  d*.r»u>.  wh*h.r  thi.  »Wf  perform*  individually  or 

by  groups. 

1.  tart  X  th.  «»W-m»l»"««  »al"'»nd  tr«.f  tM  now  of  th.  condw-UM.  w»t.r 
through  the  •  yet  em. 

2.  1  th.  comprewor  a*d  trace  th.  flow  of  refrigerant  through  the  system. 
J.    Start  at  th.  filter  and  trace  th.  flow  of  air  through  the  aystem. 

4.    isthe  water  regulating  vaWe  located  at  th.  >aUt  or  outlet  of  the  condenaer  ? 


i,  *  Ddm  th.  water  flow  through  the  the  11  or  through  the  tubing 


g.    What  type  refrigem*  do-  the  package  air  conditioner  use 


refrigerant  flow  through  the  evaporator  through  a  single  or  multiple 


Where  doe.  the  return  air  enter  the  package  air  conditioner?. 


a.    I.  th*  atr  forced  or  drawn  through  the  cenporntor ' 


Checked  by 


Instructor 
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PART  3 

1.  Perform  preoperational  checki. 

a.  Power  in  OFF  position.  *  / 

b.  Remove  cover* 

c.  Check  evaporator  fan  for  freedom  cf  movement. 

d.  Check  belt  or  proper  tension  and  alignment. 
Check  components  for  visual  damage  and  security  of  mounting 
Inspect  filter  for  cleanliness. 
Check  evaporator  for  air  blockage. 
Check  availability  of  water  for  condenser. 

i.    Replace  cover. 

2,  Operate  unit, 
a 


e. 

f, 

g- 
h. 


b. 
c. 


Turn  ON  ondenser  water  approximately  twenty  (20)  seconds  before  power  is 
applied. 

Turn  selector  switch  to  OFF. 
Close  circuit  breaker  switch. 
Turn  selector  switch  to  FAN. 
NOTE:  Check  for  proper  air  flow. 
Adjust  thermostat  to  desired  setting. 
Turn  selector  switch  to  COOL. 

NOTE:  Compressor  may  not  come  on  due  to  thermostat  being  set  above 
ambient  temperature. 


g- 


Determine  supply  air  temperature 
Determine  return  air  temperature 


degrees. 


degrees. 


NOTE:  A  20-degree  tempera*  jre  split  indicates  proper  cooling,  a  greater 
temperature  split  indicates  low  air  flow. 


ERIC 


Accumpliah  shutdov*  procure*. 

a.  S«tocinr  twitch  la  tht  OFF  position 

b.  Brimkar  twitch  i»  th«  OFF  position 

c.  Turn  coaomtr  wst«r  OFF. 
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MAJOR  COMPONENTS 
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OBJECTIVE:  To  locate,  identify,  and  state  the  functions  of  the  major  components  of 
the  2 5 -ton  system. 

NOTE:  Your  instructor  will  tour  the  25-ton  trainer  with  you  and  explain  its  operation. 
From  this  tour  you  will  learn  about  the  following  components: 

MAJOR  COMPONENTS  '         *  FUNCTIONS 

*  * 

1.    Compressor  1.   


Air  Handler  2. 


3.     Face  and  Bypass  Dampers 


4.    TEV  Bank  and  Evaporator  4. 


5.    Test  Cabinet  5. 


6.    Condenser  Systems  6. 


7.  Boiler 

\ 


8.     Hot  Water  Converter 


9.     Reheat  Coils 


-3T 


10.     Load  Coils 


10. 


9 
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„«0.  COUNTS  FUNCTIONS 


II.    CuMinrf  Rrlurn  Sy*«m  u- 


u.   


WB  3ABR54530-Vm -7-P2 
COMPRESSOR  ELECTRICAL  CONTROL  CIRCUITS 

OBJECTIVE:  Using  the  25- ton  trainer,  locate,  identify,  state  their  function,  and  wire 
safety  control  circuits  of  the  25-ton  system. 

PART  1 

m 

NOTE:  The  safety  devices  in  the  control  circuits  are  designed  to  shut  the  compressor 
down  directly  or  after  a  short  pump -down  period. 

DIRECT  SHUTDOWN  SAFETY  DEVICES 

% 

1.  High -pressure  motor  control  w 

2.  Low-pressure*>motor  control 

■ » 

3.  Oil  safety  switch 
PUMP-DOWN  SAFETY  DEVICES 

1.  Fan  -  interlock  contacts  f 

2.  Freeze  protection  thermostat 

NOTE-  A  manual  solenoid  switch  (S-2)  on  the  control  panel  is  also  in  the  safety  circuit 
That  causes  pump-down;  this  switch  is  not  an  automatic  safety  device,  but  can  be 
used  as  a  manual  pump-down  control. 


1,    What  is  meant  by  d irect^ shutdown  ? 


2.    What  is  a  pump-down  cycle ^ 


3.    What  is  the  function  of  the  oil  safety  switch9 


4.    What  does  the  term  'control  circuit"  mean  as  in  a  line  starter 


5.    What  safety  devices UeenergUe  the  line-starter  holding  coil 


ERIC 
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1.  UttaM 

2.  UMt  Mim 
in 


Ui 

It 


FART  2 

Uw  wdta  la  Agar*  3  of  th«  control  circuit  in  Mr  Us. 
tt»  mi*M     dfur*  S  oltht  prttsuro  oporatftd  circuit 


AMO  CLOitl 
MUM* 


HCATIl 

CUlKttT 


MtAJfft 

tum*T 

THffNlAL 

OKftATCD 

SWfTCM 


£ OUT ACT  /  MCSSUt 
%TATlO*AAY  CONTACT  1  SWfTCH 
cm.  nm*  OOCMAlflf  PffCSSOM 

ttftfrc  3.     Control  Circuit  mad  Prt— w  Op«raUd  Circuit 
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Use  a  blue  pencil  and  connect  the  safety  controls  (figure  4  )  in  aeries 

a.  Will  the  fan  stop  when^ you  open  S- 2? 

b.  Will  the  fan  stop  when  you  open  R-l  ? 


SlM*U'l£0  WIRING  DIAGRAM 


V2 


t 


SOLENOID 
SWITCH 


START  STQP 


o  I  o 


FAN 

COMPRESSOR 

INTERLOCK 


Pt  RELAY 


*ULTI  INSERTION 
SAFETY  CRAOUSTAT 


MANUAL  LEVER 
O^ENS  ANO 

CLOSES  CIRCUIT 
BREAKER 


HOLDING  COIL 


h£  A T  fc  ft 


REFRIGERANT 
SOU  NO  0 
VA^E 


Figure  4.    Magnetic  Line  Starter  and  Air  Handler  Controls 
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4.  You 


•I*  somormor  motor  M«iitk  «Urtwt  tht  air  tandter  ton 
comet  U»  eoW^U  » tht  allgnm  (flfur*  5  )  »  toUowo: 


jrwe 


CM 


SIAH1  SSOf 


q±9 


CO»F»CSS<MI  Sf A»TfH 


Ait  raw  »taw 


f  AN 

cowrwsioa 
inttfttoc* 


Pt  HtlAV  f 


MOLT  I-  iNMftTtO* 
WITT  CHA0USTAT 


OIL  SAM"  *#*TCH 


MAMUAC  LiVl* 
OMNS  ANO 
CLOUS  OfKUit 
ft*CAft(« 


HOCOiHC  COL 


MCATCH 


KH.IMQIO 
VALVt 


Figure  5.    Compr«Mor  aad  Air  HandUr  Control* 
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Have  the  instructor  check  your  work  on  the  preceding  page.  Anv  corrections 
should  be  corrected  on  the  drawing  below. 


o*-orr  lever 
opens  and  closes 
circuit  b*caker<— 


circuit 

*  Al-3 
INSULATOR^- 


THERMAL  OVCIHOAO 
SWITCHES 


HEATER 

Clement 


LOAD  CIRCUIT 


BELLOWS 


COMPRESSOR  MOTOR 


CRAMKCASE 
MESSUftE 

11 


spring 


H  Si  STOP 


HEATER 
CLEMENT 

THERMAL 

OPERATED 

SWITCH 


BELLOWS 


OIL  PUMP  DISCHARGE  PRESSURE 

Figure  6.     Control  Circuitry 


MOVING  CONTACT   /  PRCSSUE 
STATIONARY  CONTACT  \   J^J"  ( 
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COMPLETE  TEMPERATURE  AMD  WJUWI^ff  CONTROL  CIRCUITS 


OBJECTIVE:  mte      *-to«  trainer,  locate  nerioe  90  operational  and  capacity 
eontroae,  ii  iiipl  ■!■  wiring  achenwtic  and  ne)«nt  for  proper  operation. 

PART  1 

INSTRUCTIONS:  Uatof  the  diagram  in  figure  7 ,  nchamaticaUy  wire  the  humidity  con- 
trol clrem*. 


ftf  HfAT 

o— 

o— 

«             »  • 

o     o  o 

Vial VI  MOIOH 
*Ot  »ATUI 

TO  TtANIFOftMf* 


fPACf  MUMlOISTAT  H-1 


•T4CI  THIffUOtTAT 


T-1 


o- 

* 

o 

o 

• 

let  Alt  POT 

f  PONT  POT 

•o 

o- 

• 

o 

X 


o    o  o 


PAC1  A  MO  WAM 

o 

* 

o 

 T*™ 

?\ 

an m  opto* 

o — 

TO  TRANftFOMfM 

L                            .    ....  . 

0 — 

figure  7.    Complete  Temperature  and  Hifh  Limit  Humidity  artiol 

Chocked  bv  
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PART  2 

ADJUSTMENT  OF  PRESSURE  SWITCH  P-l 

m 

NOTE:  Place  pressure  switch  P-l  In  control  of  the  three-way  water-cooled  condenser 
valve; 

1.  Place  throttling  range  to  minimum.  , 

2.  Center  three-way  valve  using  setscrew  on  P-l  (wiper  also  centered). 

3.  Observe  the  head  pressure.  ■  j>si.  * 

4.  Adjust  scale  plate  to  the  observed  head  pressure, 

5.  Set  P-l  to  desired  pressure  (100  psi)  and  throttling  range  to  C. 


OPERATE  FACE  AND  BYPASS  DAMPER 

o  V 

1.  Set  thermostat  T-l  to  75  F. 

2.  Set  high  limit  humidistat  H-l  to  50  percent. 

3.  Place  a  10-ton  hot  water  load  on  system. 

4.  Wait  ten  minutes  for  system  to  stabilize,  then  observe  system. 

a.  Room  temperature  

b.  rtoom  percent  humidity  percent 

c.  Position  of  face  damper  

d.  Position  of  reheat  valve  

5.  Add  steam  to  room  and  observe  conditions  of  4a,  b,  c,  and  d. 

Checked  by  

Instructor 
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EQUIPMENT  COOLING  PNEUMATIC  CONTROLS 

OBJECTIVE:  Uatag  the  25-ton  trainer,  locate  pneumatic  operational  and  capacity 
controls,  state  their  function*,  contact  components  in  propar  aaquance  and  adjust  for 
proper  operation. 

PNEUMATIC  ROOM  HUMID1STAT  (H-2) 

1.  Locate  tha  units  shown  in  figure  7  on  the  traintr. 

2.  With  a  rad  pencil,  connect  the  items  in  figure  7  as  they  arc  connected  on  the 
25-ton  trainer. 

PNEUMATIC  FREEZE  PROTECTION  THERMOSTAT 

1.  Locate  the  unite  shown  in  figure  8  on  the  trainer. 

2.  to  figure  I  connect  the  pneumatic  lines  with  a  red  pencil. 

3.  bi  figure  •  connect  the  electrical  linen  with  a  blue  pencil. 

4.  On  the  trarner,  set  thermostat  T-2  to  50°F. 

5.  Adjust  relay  R-l  cut-in"  to  10  psi  and  differential  to  2  psi. 

«.    Start  the  25-ton  system  and  obaerve  T-2  gage  pressure.   psi 

NOTE:  When  air  leering  cooling  coil  decreases  below  50°F,  compressor  will 
pump  down  and  stop. 

7.    With  east  stopped,  what  is  T-2  gage  pressure?   pai 

a.    Adjust  T-2  to  40°F  (compressor  should  start). 
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Figure  7.     IjOW  Limit  HunndiXication  System 
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MAM  (ftwmv)  AMI 


40*F 


r»CCZI  PKOTCCTtOH 

thcrhostat 


5  \ 


sit  romr  jtr 


a, 


HICU  CLCCT'ftCLAV 


F%«r«  8.    Freeae  Protection  System 

t.    Iriefly  txpl&ta  the  operation  of  the  treeae  protection  thermostat  and  pneumatic  - 
electric  relay  R-l. 


Checked  by 
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IDENTIFICATION  AND  ADJUSTMENT  OF  CYLINDER  UN  LOADERS 

OBJECTIVE:  Using  the  25-ton  trainer,  locate  compressor  capacity  control,  state 
functions  and  adjust  for  proper  ope  ration . 

PART  I 

1,  Identify  the  numbered  items  in  figure  9   by  placing  their  identifying  numbers  m  the 
spaces  below  their  names* 

NO.  NAME  PURPOSE 

 Hydraulic  Relay   

  Hydraulic  Relay  Piston  (   . 

  Ball  anu  Spring  Assembly   

  External  Adjusting  Stem  I 

 "~_  "       Pysh  Pins  

 Control  Oil  Pressure  Line  

  Capacity  Control  Valve   (  

  Un loader  Power  Element  

 Lifting  Fork  

 Lifter  Spring  and  Pins  

  Suction  Valve  

 Un  loader  Sleeve  

2,  In  the  space  immediately  following  the  item's  name,  briefly  describe  its  purpose. 
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£2* 


3     III  ftfuw  t.   color  the  oil  pump  prewure,  nuction  pre«*ure,  and  control  oil 
prMiwt  accor«toc  to  the  following  code: 


a.  Oil  pvmp  pwwM 

b.  9«etion  presnure 

c.  Control  oil  preeaure 


Rod 

Grow 

Black 


Figure  9.     Cylinder  Un loader 


Checked  by 


Inatmctor 


21 

ERIC 


\    PART  2 

OBJECTIVE;  To  learn  Xo  adjust  cylinder  unioaders. 
NOTE:  This  project  will  be  performed  as  a  team  effort. 

1.  Operate  the  25-ton  3ystem  as  follows: 

a.  Connect  an  ammeter  to  one  compressor  load  wire  in  the  compressor  starter 
„  box. 

b.  Start  the  compressor. 

c.  Place  a  25  gpm  hot  water  load  on  the  system. 

d.  Wait  five  minutes  for  the  system  to  stabilize. 

2.  Operate  the  compressor  capacity  control  by  turning  the  cylinder  unloader  external 
adjusting  stem  counterclockwise  until  all  the  cylinders  are  loaded  and  record  the 

following: 

a.  Compressor  Motor  Amperes  

b.  Suction  Pressure  

c.  Oil  Pump  Pressure  

d.  Control  Oil  Pressure    ,  

e.  Evaporator  Temperature      


3.    Check  performance  of  the  cylinder  unloader  as  follows: 

a.    Turn  the  cylinder  unloader  adjusting  stem  clockwise  until  one  cylinder  unloads 
and  record  the  following: 


(1)  Compressor  Motor  Amps 

(2)  Suction  Pressure 


NOTE:  This  is  th*  control  point.   The  last  unloading  step  will  cut  out  when  the 

suction  pressure  drops  five  pounds  below  this  point.  The  last  loading  step 
will  cut  in  two  pounds  above  this  control  point. 

f3^  Oil  Pump  Pressure  „  ,  

(4 )  Control  Oil  Pressure  

(5)  Evaporator  Temperature    ... 
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b.  Turn  the  unloader  «t«mal  adjusting  etem  ilockwiae  until  another  cylinder 
unloads. 

The  compressor  motor  1»  now  using  how  many  amperes  ?  

*  * 

c.  Turn  adjusting  at  em  clockwise  until  the  compressor  ia  completely  unloaded. 
(Do  not  farce  stem. ) 

d.  Explain  how  you  may  determine  the  number  of  cylinders  that  are  loaded  by 
observing: 

(1)  Oil  Pressure  Gagas     


(2)  Ammeter  readings 


Field  method  or  cylinder  un loader  adjustment 

a.    This  simple  method  of  adjustment  is  accomplished  ti  four  easy  steps  aa 
follows: 

(1)  Place  a  normal  operating  load  on  the  a  yet  em. 

(2)  Fully  load  the  compressor  by  turning  the  adjusting  aU.n  full  counter- 
clockwise (all  cylinders  will  be  loaded). 

(j)  Let  unit  run  until  the  evaporator  temperature  decreases  to  the  desired 
temperature. 

(4)  Turn  the  adjusting  stem  clockwise  slowly  until  the  firat  cylinder  unloads. 
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Manufacturer's  me    J  of  cylinder  unloader  adjustment 

a.    A  variation  of  seven  pounds  In  suction  pressure  Is  required  to  operate  the 
unloaders  from  fully  unloaded  to  full  loaded  positions  in  compressors  using 
R-12.   In  compressors  using  R-22,  an  eleven  pound  variation  in  suction 
pressure  is  required.   Seven  and  eleven  pound  capacity  control  valve  springs 
are  availably  and  must  be  used  in  conjunction  with  corresponding  refrigerants 
in  order  to  obtain  proper  unloader  operation.  If,  with  a  given  suction 
pressure,*  the  external  adjusting  stem  is  turned  in  until  the  first  cylinder 
unloads  (known  as  the  control  point)  the  last  unloading  step,  will  cut  out  when 
the  suction  pressure  drops  five  pounds  below  this  point.  The  last  unloading 
step  will  cut  in. two  pounds  above  this  control  point.  . 

(1)  Determine  the  saturation  pressure  corresponding  to  the  minimum  desired 
evaporflfor  temperature.   This  information  will  be  provided  by  the 
instructor. 

(2*^«termine  the  control  point  by  adding  5  psi  for  R-12  (8  psi  for  R-22)  to 
the  saturation  pressure. 

(3)  With  the  adjusting  stem  all  the  way  out,  operate  the  system  under  the  full 
load  conditions  to  obtain  a  suction  pressure  higher  than  that  of  the  control 
point. 

(4)  Reduce  crankcase  pressure  to  the  control  point  by  slowly  front  seating  the 
suction  service  valve. 

(5)  Turn  the  control  valve  adjusting  stem  in_slowly  (clockwise)  until  the  first 
cylinder  unloads.    (One  full  turn  of  the  valve  stem  changes  the  unloading 
point  6  pounds. ) 

(6)  Recheck  by  opening  suction  shutoff  and  then  slowly  closing.  Observe 
suction  pressure  gage  and  listen  for  the  first  cylinder  to  unload  when 
suction  pressure  reaches  the  control  point. 

(7)  Open  suction  shutoff  valve.  # 


Checked  by  

Instructor 


0 


24 


WB  3ABR54«0-VTIl-7-Pfl 
PREOPERATIONAL  CHECK  OF  THE  25-TON  TRAINER 

OBJECTIVE:  U*mg the*5-to»  trainer  and  ft?**  procedures,  perform  a  pre- 
operational chock  on  the  system. 

CAUTIONS:  Do  not  operate  any  untagged  yalvos  without  the  instrjuctor's  approval. 
Observe  all  safety  precaution* 

PREOPERATIONAL  CHECKS 

NOTE:  Preoperational  checks  are  made  with  the  power  off  to  protect  you.  - 

1 .  Make  sure  all  the  power  switches  are  OFF  at  the  control  panel. 

2.  Check  the  condensing  systems  for  visual  damage,  valve  positions,  and  refrigerant 
level  in  the  receivers. 


a.    Refrigerant  level 


b.    Visual  damage  to  the  system 


c*.    Valve  positions 

NOTE:  Refer  to  the  refrigerant  piping  diagram  when  checking  valve  positions 
(figure  10). 

(1)  Close  all  condenser  inlet  valves  except  on  the  condenser  being  used. 

(2)  Close  all  receiver  inlet  valves  except  on  the  condensing  system  being  used. 

(3)  Close  all  receiver  outlet  valves  except  on  the  system  being  used. 

NOTE:  All  valves  on  the  system  to  be  used  must  be  wide  open  for  operation. 

CAUTION.  Do  not  operate  any  untagged  valves  on  the  trainer;  doing  so  may  result  in 
damage  to  the  system. 


r3£ 
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Figuretjq.j  Refrigerant  Piping  Diagram 
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:i.  i  \wv*  »i»M»|irww«n  Nfrviif  v.ttvft*  t»l»Miki  be  in  nauc  |»«h"»««»>. 
4.    Check  compressor  oil  tart  I: 

MOTE:  Oil  lewel  should  be  1/4  to  3/4  la  tight  glass. 


Oil  level 


b.    Oil  sometimes  remains  in  suction  line  trip*  and  will  not  return  until  lystem 
has  rate  had  full  load  operation. 

NOTE:  Check  oil  1ml  again  during  operation. 

5.  Check  compressor  bets  for  tension  (matched  tat  tension  should  be  the  tame  on  all). 

6.  Check  manual  valves  on  TEV  bank.   (Following  valvee  must  be  open:  A,  B,  D,  E. 
and  F.) 

NOTE.  All  other  valves  must  be  closed. 

7.  Check  steam  valve  to  hot  water  converter  to  make  ture  it  it  OPEN. 

8.  Open  hot  water  valve  to  load  coil  to  i/1  turn.   (Adjust  to  10  GPM  after  ttartup. ) 

9.  Check  holler  lor  proper  water  level  and  pilot  flame. 

10.  Check  air  compressor  for  belt  tension  and  oil  level. 

11.  Drain  condensate  from  air  compressor  receiver  tank. 

12.  Turn  on  the  four  amall  red  tipped  circuit  breakers  on  the  control  panel. 

a.  Steam  boiler. 

b.  Central  transformer. 

c.  Air  compressor. 

d.  Condensate  return  pump. 

NOTE:  These  unite  must  be  operating  properly  before  main  until  will  operate. 


Checked  by   

Instructor 
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WB  3ABR54530-Vn-7^P7 
OPERATION  OF  THE  25-TON  TRAINER 

?£5ES5i  cS^  P^"«  •*  *  -d  operate  25-ton 

N0TE;  twl  pr8ojre^t0r        SelCCt       °f      thrCe  condenser  s^tems  for  performing 

OPERATING  WITH  AIR-COOLED  CONDENSERS 
Preoperational  Check: 

1.  T  rn  all  switches  OFF  at  control  pan.  1. 

2.  eck  refrigerant  level  at  air-cooled  condenser  receiver  (75  percent  full). 

The  refrigerant  is  at  the  _____   level 

Open  valves  3,  4,  and  7;  close  valves  1,  1A,  2,  2A,  5,  and  6. 
Check  compressor  oil  level  (1  '  to  3/4  on  sight  glass). 

Compressor  oil  level  is  at 

5.  Check  expansion  valves. 

6.  Open  steam  valve  to  hot  water  converter. 

7.  Open  hot  water  load  valve,  1/2  turn. 

8.  Close  (ON)  four  small  red-tipped  switches  on  control  panel. 
Starting  Procedures: 


1. 

Air-cooled  condenser  #1 

(ON) 

2. 

Air-cooled  condenser  *2 

(ON) 

O 

W«  f 

Hot  water  rheostat 

(NORMAL) 

4. 

Hot  water  pump 

(ON) 

5. 

Air  handling  unit 

(ON) 

6. 

Refrigeration  compressor 

(ON) 

7. 

Liquidline   olenoid  S-2 

(ON) 
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Op  rating  Procedure: 

1.  Observe  suction  and  discharge  pressures. 

a.    If  die  harge  pressure  exceeds  175  pslg,  prepare  to  turn  off  liquid  solenoid 

switch  S-2.   Discharge  pressure  is  . 

b     If  the  compressor  stops  automatically  on  high  head  pressure  (175  psig),  turn 
off  solenoid  switch  S-2  immediately. 

2.  Adjust  water  load  valve  to  10 GPM.  \ 

3.  Observe  temperature,  pressure,  and  oil  gages. 
Stopping  Procedures: 


1. 

Liquid  line  solenoid  S-2 
(wait  for  pump  down) 

(OFF) 

2. 

Refrigeration  compressor 

(OFF) 

3. 

Air  handling  unit 

(OFF) 

4. 

Hot  water  pump 

(OFF) 

5. 

Hot  water  reheostat 

(LOW) 

6. 

Air-cooled  condenser  #2 

(OFF) 

7. 

Air-cooled  condenser  #1 

(OFF) 

OPERATING  WITH  EVAPORATIVE  CONDENSER 
Preoperational  Check. 

Turn  all  switches  OFF  at  control  panel. 

Check  refrigeran  t  level  at  evaporative  condenser  receiver  (75  percent  full). 
Open  valves  2,  2A.  and  6;  close  valves  1,  1A,  3,  4.  5.  and  7. 
Check  compressor  oil  level  (1  4  to  3/4  on  sight  glass). 
Check  expansion  valves. 
Open  steam  valve  to  hot  water  converter. 
Open  hot  water  load  valve  12  turn. 

Close  (ON)  five  small  red-tipped  switches  on  control  panel. 
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Starting  the  System: 


1. 

Evaporative  condenser  pump 

(ON) 

2. 

Evaporative  condenser  fan 

(ON) 

3. 

Selector  switch  S-6  (for  damper) 

(UP) 

4*. 

Hot  water  rheostat 

(NORMAL 

5. 

Hot  water  pump 

ON) 

6. 

Air  handling  unit 

(ON) 

7. 

Refrigeration  compressor 

(ON) 

8. 

Liquidline  solenoid  S-2 

(ON) 

Operating  the  System: 

1.  Observe  suction  and  discharge  pressures. 

a.  If  discharge  pressure  exceeds  145  psig,  prepare  to  turn  oft  liquid  solenoid 
switch  S-2. 

b.  If  the  c6mpressor  stops  automatically  on  high  hrad  pressure,  turn  off  liquid 
solenoid  switch 

2.  Adjuat  water  ju>ad  valve  to  10  GPM. 

3.  Observe  temperature,  pressure,  and  oil  gages. 


Stopping  the  System: 

1.  liquidline  solenoid  (OFF) 
(wait  for  pump  down) 

2.  Refrigeration  compressor  (OFF) 

3.  Air  hailing  unit  (OFF^ 

4.  Hot  water  pump  fOFF^ 

5.  lot  water  rheostat  (LOW) 

6.  Selector  switch  S-6  (for  danger)  (OK) 

7.  Evaporative  condenser  fan     \  (OFF) 

8.  E  vaporative  condenser  pump  (OFF) 
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OPERATING  WITH  WATER-COOLID  CONDENSER 
rrwpperattaaai  Check-. 

1.  Turn  all  switches  OFF  at  control  panel. 

2.  Check  refrigerant  level  at  water-cooled  condenser  receiver  (75  percent  full). 

3.  Open  valve*  1.  1A.  and  5.   Close  valve*  2,  2A,  3.  4,  6.  and  7. 

4.  Check  compressor  oil  level  (1/4  to  3/4  on  sight  glass). 

5.  Check  expansion  valves. 

e.    Open  steam  valve  to  hot  water  converter. 

7.  Open  hot  water  load  valve  1  2  turn. 

8.  Close  (ON)  four  small  red- tipped  switches  on  control  panel. 


Starting  the  Unit: 

1.  Cooling  tower  fan  and  place 

on  automatic  (ON) 

2.  Cooling  tower  pump  (ON) 

3.  Selector  switch  S-«  (3 -way  valve)  (DOWN) 

4.  Hot  water  rheostat  (NORMAL) 

5.  Hot  water  pump  (ON) 

6.  Air  handling  unit  (ON) 

7.  Refrigeration  compressor  (ON) 
s.  Liquid  line  solenoid  S-2  (ON) 
Operating  the  Unit 


1.  Observe  suction  and  discharge  pressures. 

a.  If  discharge  pressure  exceeds  145  pnig,  prepare  to  turn  off  liquid  solenoid 
valve  S-2. 

b.  If  compressor  stops  automatically  on  high  head  pressure,  turn  off  solenoid 
valve  S-2. 

w 

2.  Adjust  water  load  valve  to  10  GPM. 

3.  Observe  temperature,  pressure  and  oil  gages. 
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Stopping  the  Unit: 

1.  Uquldllne  solenoid  S-2 
(wait  (or  pump  down) 

2.  Refrigeration  compressor 

3.  Air  handling  unit 

4.  Hot  water  pump 

5.  Hot  water  rheostat 

6.  Select  switch  S-6  (3-way  valve) 

7.  Cooling  tower  pump 

8.  Cooling  tower  fan 


(OFF) 

(OFF) 

(OFF ' 

(OFF) 

(LOW) 

(ON) 

(OFF) 

(OFF) 


9f 


Checked  by 


Instructor 
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WB  3ABR54530-VIII-7-PB 

DETERMINE  COIL  CAPACITY 

7 

OBJECTIVE:  Usiag  paychrometrie  chart,  determine  coil  capacity  within  2  percent 
accuracy. 

1 .  The  capacity  check  formula  is 

Ci*»c  feet  per  minx  Specific  density  x  HCD 
Tor>  *  C  m  Btu/mln  

2.  From  the  capacity  check  formula,  six  different  values  can  be  determined. 

a.  Coil  sensible  tons  d.    Space  sensible  tons 

b.  Coll  Latent  tons  .  e.    Space  latent  tons 

c.  Coil  tonnage  f.    Space  tonnage 


3.     Using  the  known  values  in  the  chart  and  the  capacity  check  formula,  solve  for  the 
values)  to  the  blank  spaces  of  the  chart  below. 


CFM 

S.D. 

T  Btu 

Sen  Btu 

Lat  Btu 

T  Tans 

Sen  Tons 

Lat  Tons 

3500 

.075 

8 

4 

4 

1500 

.074 

15 

7 

8 

1100 

.072 

20 

,  1 

12 

8 

1170 

.073 

7.4 

5,3 

2.  1 

3000 

.075 

10 

8 

2 

2000 

.071 

12 

9 

3 

Checked  by  

Instructor 


33 


9 

ERIC 


WB  3ABR54530-VIII-7-P9 

DETERMINE  PROPER  OPERATION 

OBJECTIVE:  Using  hygrotherraograph;  airflow  instrument,  physhrometnc  chart  and 
the  25-ton  trainer,  perform  a  capacity  check  to  within  2  percent  accuracy. 

CAUTIONS:  1.   Do  not  operate  any  untagged  valves  without  instructor's  approval. 

2.   Observe  all  safety  precautions. 

1.  Temperatures 

a.  Supply 

(1)  WB  

(2)  DB  

b.  Return 

(1)  WB  

12)  DB  

c.  Hot  water  load  coil  temp 

(1)  Inlet  

(2)  Outlet  

d.  Hot  water  supply  temp  \ 

2.  Pressures 

a .  Suction  

b.  Discharge  

NOTE:   Low  suction  pressure  could  indicate  a  restricted  refrigerant  line  or 
dirty  strainers, 

NOTE:  High  discharge  pressure  could  indicate  inoperative  condenser  fan. 

3.  Water  Flow 

a.  Hot  water  load  coil  gpm 

b.  Hot  water  reheat  coil  gpm 

n  <  ■  < 

34 


Humidity 

a.  ^  Supply   * 

b.  Wun  .  * 

Air  Flow 

a.  Check  evaporator  (an  for  proper  operation. 

b.  Check  for  dirty  filters. 

c.  Checkair,  handler  for  excessive  leak*. 

i 

d.  Measure  airflow  **PM 


e.    Coseert  FPM  to  CFM, 


Use  psychrometric  chart  and  compute  operational  tonnage. 

....  ,  latent  tonnage 

(    tone),  sensible  tonnage_  


NOTE:  While  unit  Is  in  operation  check  refrigerant,  water,  electrical  lines  and 
components  for  security  of  mounting. 


Checked  by  


Instructor 
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WB  3ABR54530-VIII-7-P1O 

TROUBLESHOOTING 

TROUBLE  DIAGNOSIS 

'•    ^J^^*^™™-™'  »*  «*  P«*.bl.  causes  and 
a.     Lew  suction  pressure 
fl)  Probable  causes 


•2)  Remedy 


bp     High  suction  pressure 
(l)  Probable  causes 


(2)  Remedy 


c.     Low  discharge  pressure 
(D  Probable  causes 


■2)  Remedy 
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d.    High  discharge  preaaure 
i\)  Probable  causes 


/       (2)  Remedy 


e.    Abnormal  noiaea 
(1)  probable  cauaes 


(2)  Remedy 


f*    Compressor  falls  to  start 
(1)  Probable  causes 


(2)  Remedy 


g.    Compressor  short  cycles 
(I)  Probable  causes 


2.     Your  instructor  will  place  troubles  in  the  25-ton  trainer.     Observe  the  units 
operation  and  cotaptete  the  following  chart. 

TROUBLE      "  PROBABLE  CAUSE  REMEDY 
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PROBABLE  CAUSE  REMEDY 
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PURPOSE  OF  STUDY  GUIDES,  WORKBOOKS,  PROGRAMMED  TEXTS  AND  HANDOUTS 


Study  Guides,  Workbooks,  Programmed  Texts  and  Handouts  are  training 
publications  authorized  by  A1r  Training  Command  (ATC)  for  student  use  1n 
ATC  courses. 

The  STUDY  GUIDE  (SG)  presents  the  Information  you  need  to  complete^ 
the  unit  of  Instruction,  or  makes  assignments  for  you  to  read  In  other 
publications  which  contain  the  required  Information. 

The  WORKBOOK  (WB)  contains  work  procedures  designed  to  help  you 
achieve  the  learning  objectives  of  the  unit  of  Instruction.  Knowledge 
acquired  from  using  the  stuty  guide  will  help  you  perform  the  missions 
or  exercises,  solve  the  problems,  or  answer  questions  presented  1n  the 
workbook. 

The  STUDY  GUIDE  AND  WORKBOOK  (SW)  contains  both  SG  and  WB  material 
under  one  cover.    The  two  training  publications  are  combined  when  the  WB 
is  not  ^signed  for  you  to  write  In,  or  when  both  SG  and  WB  are  Issued 
for  you  to  keep. 

The  PROGRAMMED  TEXT  (PT)  presents  Information  in  planned  steps  with 
provisions  for  you  to  actively  respond  to  each  step.    You  are  given 
inmediate  knowledge  ot  the  correctness  of  each  response.    PTs  may  either 
replace  or  augment  SGs  and  WBs. 

The  HANDOUT  (HO)  contains  supplementary  training  materials  In  the 
form  of  flow  charts,  block  diagrams,  printouts,  case  problems,  tables, 
forms,  charts,  and  similar  materials. 

Training  publications  are  designed  for  ATC  course  use  only.  They 
are  updated  as  necessary  for  training  purposes,  but  are  NOT  to  be  used 
on  the  job  as  authoritative  references  1n  preference  to  Technical  Orders 
or  other  official  publications. 


bept  of  C ml  Engineer  mg  Tng  SG  'ABrAmO- Vm -9 

Sheppard  AFB,  Texas  Apnl  ma 


FAMILIARIZATION  AND  OPERATION  OF  INDIRECT 
EXPANSION  AIR -CONDITIONING  SYSTEMS 


OBJECTIVE 


Upon  completing  this  unit  of  instruction,  you  will  be  able  to  operate,  maintain, 
troubleshoot  and  identify  the  major  components  of  a  centrifugal  air-conditioning  system. 

INTRODUCTION 

Vhe  centrifugal  compressor  is' a  low-pressure  machine  using  impellers  for  com- 
pression purposes.    The  refrigeration  cycle  is  accomplished  with  refrigerants  having 
a  compression  range  of  not  over  30  psi.    The  centrifugal  machine  can  be  either  motor 
or  turbine  driven  and  usually  runs  at  high  speeds,  3600  to  8900  rpm.    They  vary  in 
capacity  from  less  than  100  to  approximately  3000  tons  of  refrigeration  per  unit  Since 
centrifugal  units  have  a  greater  cooling  capacity,  they  are  used  in  larger  air-condition- 
mc  installations. 

Centrifugal  equipment  uses  the  Indirect  method  of  cooling.    The  equipment  cqols 
a  fluid  usually  water  or  brine  solution)  that  is  pumped  through  a  cooling  coil  in  the 
irea  to  be  cooled.    The  fluid  (often  called  a  secondary  refrigerant)  picks  up  the 
unwanted  heat  in  the  conditioned  space  and  brings  it  back  to  the  refrigerating  equipment 
where  it  is  removed  and  discardea. 

Figure  1  iDire-t  Expansion  Svstem)  shows  the  difference  between  the  two  systems. 
In  a  direct  expansion  svstem.  the  cooling  coil  (evaporator)  must  be  relatively  near 
the  compressor.    In  An  indirect  expansion  system,  (figure  2).  the  cooling  coil  can  be 
located  anywhere.    In  fact,  most  indirect  systems  have  several  cooling  coils  located 
at  different  points  throughout  the  building. 


HuTsupersedes  SO  3ABR54530-VIH-9  and  WB  3ABR54530-VTII-9-P1  thru  Pll, 
2  I  August  1973. 

Previous  editions  may  be  ;sed.  . 
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Figure  1.    Direct  Expansion  System. 
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Figure  2.    Indirect  Expansion  System. 


MIXED  AIR  PLOTS 


Mixed  air  is  ihe  process  of  mmbinimi  anv  two  airflows  to  t«  introduced  into  some 
„ari'<  the  svslmi.    N-rmallv  this  mixture  would  be  between  HA  and  OA  (but  can  include 
I.thrrs).    Alter  »*ing  mixed,  it  is  passed  over  the  coil  for  conditioning  prior  to  intro- 
duction t«»  the  controlled  space. 

Mixed  air  will  appear  m  the  psvchromel.-ic  chart  between  ihe  two  conditions  l*ing 
mixed  depending  on  the  ratio  <»f  the  air  being  mixed.    For  example,  if  the  air  mixture 
was  leased  on  a  50  percent  mixture,  the  plot  would  appear  halfway  between  the  dry  bulb 
lines  >f  the  two  plots,  see  injure  4. 


Figure  4.    Mixed  Air  Plot 


IV  plot  mixed  air.  use  the  following  steps: 

1.  Draw  a  Jiagonal  line  to  connect  die  >  RH  points  of  OA  and  ,<A  (this  will  give 
vou  the     RH  of  MA  after  the  DB  of  MA  is  established). 

2.  Find  the  percent  of  outside  air  in  the  mixed  air.    If  2.  000  cfm  outside  air  is 
added  to  4,  000  cfm  PA.  the  ratio  woUd  be: 


2000  2000       2       1        33  1  3  percent 


2000  *  4000       6000       6  3 
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3.  » j  find  the  dry  talb  temperature  difference,  subtract  the  PA  DB  temperature 
from  the  OA  DB  temperature. 

e 

4.  Find  the  change  in  temperature.   Multiply  the  TD  from  step  3  by  the  percent- 
age figure  from  step  2  for  degrees  of  change. 

5.  Add  the  value  of  step  4  to  the  RA  DB  temperature  to  find  the  MA  DB 
temperature.  ' 

6.  Finish  the  MA  ^lot  by  drawing  the  DB  line  to  the  diagonal  line  established 
ax  step.l,  and  finish  the  plot. 

AIR  HANDLER 

The  air  handler  in  the  100  ton  centrifugal  trainer  (see  figure  5),  supplies  an  air- 
flow of  approximately  30. 000  CFM  through  the  chill  water  and  hot  water  coils.  The 
precondition* Talr  handler  supplies  a  flow  of  air  through  brine,  steam,  chill  water 
coils  and  the  air  washer  systems.    These  units  are  controlled  bv  the  respective  con- 
trols located  on  the  graphic  control  panel.  ' 

,  Air  Distribution  System 

Air  is  drawn  into  the  system  and  passed  through  a  filter.    It  is  drawn  over  a  steam 
ceil  which  assures  a  leaving  temperature  of  50  degrees  DB.  45  degrees  DP.  and 
*  passes  through  an  air"  washer  where  the  remaining  impurities  are  removed  md  humid- 
ity is  added.    In  order  for  humidity  to  be  added,  the  entering  air  tempe .atu  e  must  l>e 
higher  than  the  water  temperature.  / 

L'pon  leaving  i>  e  air  washer   the  air  passes  through  a  chilled  wa^&r  coil  being 
maintained  at  approximately  52  degrees,  where  grains  of  moisture  a^e  removed.  The 
air  enters  the  plenum  at  this  temperature  for  comfort  cooling  applications.  Supple- 
mental hot  water  and  chilled  water  coils  are  provided  to  maintain  the  desired  set  pomt 
for  comfort  conditions. 

V. 

Air  for  equipment  cooling  is  passed  over  a  brine  coil,  beinp  maintained  at  approx- 
imately 29  degrees,  where  additional  grains  of  moisture  are  removed.   Air  is  provided 
to  the  plenum  at  35  degrees,  100  percent  RH\  and  further  conditioning  is  provided  bv 
return  air,  hot  water,  and  chilled  water  coils.    A  diagram  of  the  airflow,  coil  locations, 
comfoilejr  locations  and  approximate  controller  settings  is  provided^  figure  5. 

Air  handlers  are  devices  tnat  convey  conditioned  air  to  an  area  where  it  is  desired. 
The  Components  of  an  air  handler  may  consist  of  the  following:  housing,  which  is 
usualiy  made  of  some  lightweight  material  such  as  aluminum  or  tjaitfamzed  steel.  This 
ttousir*;  /ill  have  access  panels  for  inspection  and  maintenance.   Contained  in  this 
Kousiju  vill  be  a  fan  to  move  the  air.   The  most  common  type  of  fan  found  is  the  for- 
ward curved  centrifugal.    The  type  of  cooling  coil  found  in  this  housing  will  depend  on 
.  the  manufacturer  but  will  be  of  eithef  the  direct  expansion  or  -indirect  expansion  typo. 
On  some  systems  you  will  find  preheat  and  reheat  coils  for  more  precise  control  ol 
the  supply  air  temperature.  These  may  be  steam,  hot  water  or  in  some  cases  electric. 
To  prevent  the  coil  iron,  becoming  dirty,  the  air  is  filtered  by  means  of  an  an  wash 


-A 


r 

or  with  the  standard  tvpe  of  filter.   To  control  the  amount  of  air  crossing  the  coil  and 
being  cooled,  some  units  have  face  and  bypass  dampers.   Working  along  with  these 
dampers  you  may  find  zone  dampers  to  control  the  amount  of  air  to  different  zones  oY 
areas. 

After  the  air  handler  and  the  duct  work  (if  used)  has  been  installed,  the  following 
checks  should  be  made; 

1.    Check  the  fan  for  proper  RPM,  this  can  be  accomplished  by  using  a  stroboscope 
or  a  tachometer.  Compare  the  speed  of  the  fan  to  the  designed  speed  as  stated 
in  the  specifications.   If  speed  is  not  correct,  adjust  the  variable  pitch  motor 
pulley,  until  the  correct  speed  is  obtained. 

,  2.    Check  motor  amperage  and  compare  with  the  nameplate  rating.    A  clamp  on 
ammeter  is  a  convergent  instrument  to  use.  . 

3.    Check  to  insure  that  the  unit  is  level  and  running  smooth  I  v  with  no  unusual 
noise  or  vibrations. 

^    Some  of  the  more  typical  types  of  air  handling  units  are  shown  in  figures  6  throueh 

Maintenance  of  Air  Handling  Units 

The  main  points  to  consider  in  maintenance  of  air  handler  units  are  d Aperiodic 
lubrication  of  the  fan  bearings  and  (2)  periodic  cleaning  of  the  wheel  if  it  handles  greasv 
or  dirty  air. 

As  a  general  rule,  if  the  unit  is  to  be  operate-!  c  ontinuausly,  lubricate  about  every 
6  months.   Otherwise,  relubncate  about  once  every  year. 

Approximately  once  a  year  after  original  installation  the  unit  should  be  inspected 
as  follows:  f 

1.  Check  housing  for  signs  of  rust  or  corrosiorf  and  pamt  with  a  good  rust  inhib- 
iting paint  if  necessary. 

2 .  Clean  the  fan  wheel  of  any  accumulation  of  dirt  whiph  might  cause  unbalance 
and  vibrations. 

4 

3.  Clean  the  inlet  vanes  of  dampers  (when  used)  and  see  that  the  mechanism 
works  freely. 

4.  Check  bearings  for  wear, 

c>.5.    Check  to  see  that  sheaves,  fan  wheel,  and  bearing  collars  are  securely  fas- 
tened tp  shaft. 

6.     Check  and  tighten  mounting  bolts. 
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SUPPLY  Alft 


RE FRIGERATION  UNIT 

CCC-022 


Figure  6.    Svstem  with  central  fan,  bank  of  refrigerant  coils  niters,  distributing 
duct  work,  refrigeration  compresso*  and  controls. 


SUPPLY  AIR 

Rf  TURN  AIR  a 

PR  CHEAT  COIL  f  1 


PREHEAT  COIL 


11  WATER  CHILLER  UNIT 

CIRCULATINC  PUMP  CGC-Oil 

( 

Fiaire*7.  Svstem  with  central  fan   air  washer,  preheat  and  reheat  coils,  filters,  dis- 
tributing duct  work,  refrigeration  unit  for  chilling  spray  water;  circulating  pump  and 
controls. 
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SUPPLY  AIR 


OUTSIDE  AIR 


RETURN  AIR 


WATER  COOLING  COIL 


WATER  CHILLER  UNIT 
CIRCULATING  PUMP  CGC-QJO 


Figure  8.  System  with  cervtral  fan,  water  cooling  coil,  filters,  distributing  duct  work, 
refrigeration  unit  for  chilling1  the  water,  circulating  ptfmp.  bvpass  for  control,  and 
the  controls 


CIRCULATING  PUMP  CCC-oi« 


Figure  9.  System  with  central  fan,  water  cooling  coil,  filters,  distributing  duct  work, 
refrigeration  unit  for  chilling  the  water,  circulating  pump,  face  and  bypass  dampers 
for  control,  and  controls 
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Figure  10.  System  with  central  fan  or  fans,  water  cooling  coll,  steam  heating  coil,  filters, 
mixing  dampers  for  each  zone,  distribution  duct  work,  refrigeration  unit  for  chilling  the 
water,  circulating  pump  and  controls 


Fijnirc  11.  System  with  central  fan.  water  cooling  coll,  steam  or  hot  water  coll,  filters, 
double-duct  air  distribution  mixing  boxes  for  conditioned  spaces,  refrigeration  unit  for 
chilling,  the  water,  or  a  refrigeration  compressor  and  direct  expansion  cooling  coll  for 
cooling  air,  and  controls  . 
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V- BELTS.   V-belts  should  be  inspected  every  3  months  or  every  1000  hours  of 
operation:  whichever  comes  first   If  the  belts  show  signs  of  cracking  or  excessive 
wear,  they  should  be  replaced  by  a  new  one.   In  the  case  of  multiple  belt  systems, 
*  they  should  be  replaced  by  a  new  set  of  matched  belts  of  the  same  size, 
v 

*  , 

The  belts  should  be  kept  tigty  enough  to  prevent  slippage.   Avoid  excessive  lighten- 
ing which  could  place  too  much  U>ad  on  the  fan  and  motor  bearings. 

If  fan  belts  are  checked  arid  found  to  be  excessively  worn,  they  should  be  replaced 

following  the  below  listed  procedures. 

/ 

1.  Move  the  pulleys)  together  to  facilitate  belt  removal  and  replacement.  Never 
pry  or  roll  belts  on  the  pullev(s)  as  this  may  cause  serious  damage  to  the  new 
belts. 

2.  Work  the  belts  around  the  pulley  by  hand  so  that  the  belts  are  slack  on  the  same 
side  of  the  drive.j 

3.  Move  the  pulleys;  apart  until  they  are  snug  and  make  a  preliminary  check  of 
sheave  and  shaft  alignment.  Operate  the  drive  at  a  no-load  for  a  few  minutes 
to  seat  the  belts  and  then  check  belt  tension.   Either  excessively  high  or  low 
tension  will  adversely  affect  the  life  and  operation  of  V-belts, 

4.  Check  sheave  ami  shaft  alignment  after  drive  tension  is  applied* 

5.  Drive  tension  shpuld  be  rechecked  after  24  to  48  hours  of  operation  to  compen- 
sate for  initial  s 


6.     Periodic  checks 


retch  and  wear  of  the  belts. 

should  be  made  of  drive  tension  or  speed  ratio  and  tension 
should  be  restored  as  necessary.   The  change  in  speed  ratio  from  no-load 
to  full-load  should  not  exceed  1  percent 


7.  Always  save  useid  belts  for  emergency  replacement  but  never  mix  new  and 
used  belts  on  a  drive, 

8.  Keep  belts  as  ff  ee  of  dirt  and  oil  as  practical.  ^ 

i 

9.  Never  use  belt-dressing  on  V-belts, 

I 

10.    Store  spare  belts  in  a  cool  dry  place. 

I 

BelfKnsion.   AIL  V-belt  drives  must  operate  under  the  proper  tension  to  produce 
the  wedging  action  of  the  belts  in  the  sheave  grooves  which  gives  V-belts  the  pulling 
power.  / 

Belts  which  are  too  loose  caus*»  slippage,  loss  of  power,  loss  of  speed,  rapid  belt 
wear,  rapid  sheave  wear,  and  possible  belt  squeal  or  howl.   Whe*n  a  drive  squeals  or 
howls,  the  noise  is  caused  by  belt  slippage.  While  slippage  is  usually  caused  by  loose, 
belts,  it  may  be  cap/sed  by  excc3Sive  load,  which  can  be  determined  by  checking  the 
belt  tension,   If  it  p  correct,  ihe  belt  is  no  doubt  overloaded. 

/  ' 
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NOTE:  Never  attempt  to  correct  slippage  by  applying  belt  dressing.  Belt 
riressmu  contains  chemicals  that  tend  to  soften  V-belts.  While  this  softening 
process  Actually  does  increase  the  friction  between  the  belt. and  the  groove 
walls  temporarily,  tt  causes  rapid  deterioration  of  the  rubber  compounds  and 

••.really  shortens  belt  life. 

\  •  .  » 

lk> Us  which  arc       tight  cause  damaging  strain  on  the  belts,  rapid  belt  wear,  rapid 
sheave  wear,  overheating  of  shaft  bearings,  and  rapid  shaft-bearing  wear.   It  is  not 
difficult  to  adjust  tho  tension  of  V-belts. 

/  \ 
/  » 

The  general  practice  for  determining  proper  belt  tension  is  to  strike  the  belts  with 
the  hand.    If  the  belts  are  adjusted  to  the  right  tension,  they  will  feel  "alive"  and  springy. 
If  the  tension  is  too  loose,  the  belts  will  feel  "dead."  If  there  is  too  much  tension  there 
will  be  no  give  in  the  t>eUs  at  all,   There  should  be  at  least  1  '2-  to  3/4-inch  slack  mid- 

wav  berweeh  pulleys. 

Belts  which  are  t  >und  to  t*  turned  over  in  the  sheave  groove  should  be  replaced 
I M- cause  "tie  or  more  -if  the  cords  in  the  strengtli  sections  are  broken.   These  broken 
.cords  are  generally  caused  by  prying  the  belt  on  to  the  sheave  without  loosening  the 
motor-mount  bolts    The  proper  way  or  method  to  install  V-belts  has  already  been 

'Vhsi  ussed. 

MOTORS.   Some  motors  have  sealed  bearings  which  require  no  maintenance,  other 
bearings  require  oil  for  lubrication  and  will  be  equipped  with  oil  orifice  or  oil  cups. 
Also  there  are  the  type  that  require  a  grease  to  lubricate  them. 

1 

NOTE    Care  must  be  taken  when  greasing  this  type  bearing  as  damage  may 

occur  t,"  me  motor  grease  seals  and  motor  itself. 

i  se  the  following  procedures  to  grease  this  type  motor  bearing: 

1.  Remove  bottom  grease  drain  plug. 

2.  Attach  grease  gun  to  pressure  grease  fitimgl 

3.  Lubricate  until  clean  grease  is  seen  coming  out  of  the  bottom  drain  plug. 

4.  Reinstall  bottom  grease  plug. 

BEARINGS.   Some  bearings  require  lubrication  with  oil  and  will  be  equipped  with 
an  oil  orifice  or  oil  c*ip.   These  Should  be  kept  full  at  all  times.  Other  bearings  will 
be  equipped  with  the  grease  type  bearings. 

NOTE:  When  lubricating  this  type  ol  bearing  it  must  be  done  slowly  until  grease 
appear  ■  at  the  seal,  the  bearing  may  overheat  immediately  after  greasing  but 

for  a  short  time  only. 

DAMPERS.  Dampers  should  be  inspected  as  often  as  possible  to  Insure  freedom 
•  if  movement  and  proper  adjustment.  They  should  also  be  inspected  for  rust  and  cor- 
rosion and  painted  with  a  good  rust  inhibiting  paint  If  needed. 

CONDENSATE  COLLECTION  PAN.    The  condensate  pan  should  be  checked  period- 
ically to  insure  proper  draining  of  condensed  moisture.  Also  check  for  amount  of  rust 
.Hid  corrosion.   If  rusting  is  occurring  a  good  asphalt  type  varnish  will  aid  In  sealing 
the  metal  from  corrosion. 
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Figure  12.    Typical  Air  Handling  Unit. 
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STEAM  SYSTEM 

Steam  boilers  are  normally  rated  in  horsepower,     sending  on  the  local  steam 
,HMuirnments.   filers  are  classified  in  two  categories  aa  to  their  operating  pressures. 
A  low  pressure  steam  boiler  operates  at  a  pres«ire  below  15  psi.   The  high  pressure 
t\pes  operate  from  15  psi  and  above,    rtiere  are  many  types  of  steam  boilers  and 
various  methods  used  to  fire  them.  One  of  the  most  common  is  the  horizontal  fire 
ml*  type   the  water  toing  around  the  tubes  in  the  Shell  and  the  fire  uoing  into  the  tubes. 
Tins  ivpe'  has  a  high  he.it  transfer  rate  because  of  the  large  surface  area  with  the  water, 
foul  >r  nas  fired  toilers  arc  the  most  common. 

\  ps  hor^powor  low  pressure  steam  boiler  is  used  on  the  centrifugal  air- condition- 
ing -vst»  n,  trainer.    This  toiler  will  operate  during  your  practical  exercises.  The 
toiler  in  Mr>  ivpe  svstem  is  used  10  control  humidity,  heal  water  for  reheat  coils,  and 
tMiMNh  st.-.im  to  the  eoolum  tower  to  prevent  freezeup  during  winter  operation. 

K..r  hunuditv  control,  ihe  steam  is  supplied  to  the  steam  coil,  (preheat  coil)  air 

h.  i^ps  through  the  cmi.  heating  the  air  to  a  high  temperature.  The  air  then  passes 
fiiroudi  an  air  washer  svstem.  pickuig  up  moisture  and  washing.the  air  clean  of  any 

i.  .n  mil  panicles  ,wt  removed  hv  filtration.   The'  air  is  then  forced  through  chill  water 
.■oil.  and  .  lulled  m  ine  r  uis  o  hill  water  being  45«F  and  the  brine  being  29  F).  bringing 
uu.  MMuperaurc  to  approximated  35°F  at  iOO  percent  relative  humidity.    These  tem- 
perature and  hunuditv  fissures  are  only  instructional  aids.   They  mav  vary  between 
installations. 

The  hot  waier  roils  reheat  coils)  are  used  to  adjust  the  temperature  to  the  rooms 
or  <  tuipment  as  desired.    This  is  accomplished  by  using  individual  thermostats  or  other 
tvp«'  t<»ni|)«*raturo  controllers. 

BRINE  CHILLER  SYSTEM 

The  brine  chiller  is  a  25-ton,  reciprocating  compressor  trainer  system  u«ng 
U-  '2       m  dull  a  brun  solution  U'thvlene  glycol  and  water)  to  approximately  29  F. 
Fhe  bruie  solution  is  ,ximped  to  various  brine  coils  in, the  precondittoner  system  for 
hun.iditv  control. 

SECONDARY  REFRIGERANT  AND  CONDENSER  WATEF 
SYSTEMS  MAINTENANCE 

It  is  very  difficult  to  set  up  a  definite  maintenance  schedule  since  so  many  opera- 
tional factors  must  be  considered.    Your  supervisor  should  familiarize  you  with  the 
standing  operating  procedures  at  your  installation  and  you  must  follow  these 

recommendations. 

The  tubes  in  the  condenser  and  cooler  must  receive  regular  attention  for  efficient 
performance  and  long  lie.   Special  care  must  be  taken  during  the  firSt  year  of  opera- 
tion due  to  dirt  and  other  foreign  materials  which  may  have  collected  in  the  system 
durmli  installation.   The  water*  treating  system  must  operate  effectively  to  prevent 
ueneral  corrosion  of  'the  tubes  and  piping  system.   Foreign  material  and  corrosive 
f  attack  can  do  extensive  damage* to  the  system's  piping  and  water  tubes  if  not  effectively 
treated  and  corrected. 
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A  special  type  of  nylon  brush  should  be  used  to  clean  tubes.   This  brush  is  designed 
to  prevent  scraping  or  scratching  of  the  lube's  inner  wall.    The  brush  is  forced  thr.igh 
each  tube  by  hand  pressure.    During  this  cleaning  process  most  of  the  scale,  mud.  and 
other  foreign  deposits  will  I*  loosened.   The  removal  of  such  loose  deposits  can  iw 
accomplished  by  flushing  with  water. 

U  the  trues  are  completely  covered  with  scale,  a  chemical  treating  process  must 
be  used  tn  remove  all  foreusn  deposits.  The  manufacturer's  maintenance  manual  will 
Hive  information  on  the  type  and  strength  of  chemical  solution  to  use  on  their  designed 
units. 

Condenser 

It  is  recommended  that  the  condenser  tubes  be  brushed  at  least  once  a  year.  Hourly 
checks  must  be  made  between  the  difference  of  the  leaving  condenser  water  temperature 
and  the  condensing  temperature.   If  at  full-load  operation,  this  difference  exceeds  the 
design  value,  fouling  of  tube  surfaces  is  taking  place.   Should  the  leaving  condenser  u  ate 
temperature  be  hard  to  maintain,  cleaning  of  the  condenser  tubes  is  recommended. 

SERVICING.    The  following  orocedures  should  be  followed  in  cleaning  condenser 
ci'bes. 

1.  Shut  off  the  main  line  inlet  and  outlet  valves. 

2.  Dram  water  from  condenser  through  the  water  box  drain  valve.   Open  the  vent 
cock  m  the  cage  line  or  remove  the  gage  to  help  draining. 

3.  Remove  all  nuts  from  the  water  box  covers,  leaving  two  <m  loosely  for  safety. 

4.  Using  specially  threaded  jacking  bolts,  force  the  covers  away  from  the  flanges. 
As  soon  as  the  covers  are  loose  from  the  gaskets,  secure  a  rope  to  the  ruining 
bolt  in  the  covers  and  an  overhead  support.   Remove  the  last  two  nuts  and 
place  the  cover  on  the  floor. 

5.  Scrape  both  the  cover  and  the  matching  flange  to  free  any  gasket  material. 

6.  Remove  the  water  box  division  plate  by  sliding  it  out  from  its  grooves.  .Caution 
should  be  used  in  removing  this  plate:  it  is  made  of  cast  iron.  Penetrating 

oil  mav  Le  used  t<>  help  remove  the  plate. 

1.     Use  a  nylon  brush  ot  equal  type  on  the  end  of  a  long  rod.   Clean  each  tube 
with  a. scrubbing  motion  and  flush  each  tube  after  the  brushing  has  been 
completed. 

8.  Replace  the  division  plate  after  first  shellacking  the  required  r.nind  rubber 
aasket  in  the  two  grooves. 

9.  Replace  the  water  box  covers  after  first  putting  graphite  on  both  sides  of  each 
gasket  as  this  prevents  sticking  of  the  gaskets  to  the  fiances. 
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CAUTION:  Can?  must  be  taken  with  the  water  box  cover  on  ths  w*tor  bo* 
•mkI  im  see  thai  the  division  plate  matches  the  rib  <*"  the  flanges. 

10.  Tiijliu-ii  all  nuts  evniiv,  .  .. 

11.  CI* >w  the  drain  and  nauc  cock. 

12.  0|>eii  the  main  line  water  valve  and  fill  the  tubes  with  water.  Operate  the 
pump,  if  possible,  to  check  for  leak-tight  joints. 

HEPA1P.   netubinc  is  aboui  the  only  major  repair  that  is  done  on  the  condenser. 
This  takes  a  high  decree  of  skill  and  mav  require  the  services  of  a  manufacturer  s 
qualified  repairman.  % 

Evaporator  or  C'oolt  r 

You  will  be  required  to  make  frequent  checks  of  the  rhilled  water  temperatures 
i.i  the  evaporator.   U  these  iem|H*rature  readings  at  full-load  operation/be* in  to  vary 
l torn  the  designed  temperatures,  fouling  of  the  tube  surfaces  is  beginning  and  cleaning 
i-  required  when  leaving  chilled  water  temperature  cannot  be  maintained. 

In  cleaninu  the  evaporator,  it  is  recommended  that  the  tubes  be  cleaned  at  least 
..iicp  a  vear.  which  mav  varv  with  local  operating  conditions.  Cleaning  schedules 
should  op  outlined  in  the  standard  operating  procedures. 

i 

SERVICING.   Servicing  procedures  for  shell  and  tube  type  evaporators  and  con- 
densers are  the  same  since  all  shell  and  tube  containers  are  built  and  jpttSte  on 
miliar  principles. 

REPAIR.  Rctuhing  is  about  the  only  major  repair  that  is  done  on  the  evaporator. 
This  work  should  be  done  iiy  a  qualified  refrigeration  repairman  or  a  manufacturer's 
representative. 
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CENTRIFUGAL  AIR- CONDITIONING  SYSTEM 


Illustrated  in  figure  3  is  a  centrifugal  machine.  As  you  can  see,  it 
is  a  compact  assembly  made  up  of  eight  major  components.  A  list  of  these 
components  and  their  function  is  as  follows: 

1.  Drum  control:  Used  to  increase  or  decrease  the  speed  of  the  motor  > 
by  varying  the  resistance  to  the  motor.  * 

2.  Drive:  An  electric  motor  or  turbine  which  supplies  power  to  drive 
the  compressor. 

/ 

3.  Speed  increase r  (Terry  Gear):  A  separate  component  between  the 
motor  and  compressor  to  obtain  proper  compressor  speedwith  standard  motor 

4.  Compressor:  Centrifugal  type  which  compresses  the  evaporated 
refrigerant  and  discharges  it  to  the  condenser. 

5.  Shell  and  tube  type  condenser:  Liquefies  the  refrigerant  received 
from  the-compressor. 

6.  Purge  recovery  unit:  A  compact  assembly  that  removes  noncon- 
densable  gases  and  moisture  from  the  condenser  and  returns  the  refriger 
ant  to  the  cooler,  while  the  noncondensable  gases  and  moisture  are  dis- 
charged to  the  atmosphere. 

\ 

•7.  *  Shell  and  tube  type  evaporator  or  cooler:  Cools  the  chilled  water 
passing  through  the  tubes  by  the  evaporation  of  the  refrigerant  in  which  the 
tubes  are  immersed. 

8.    Control  panel:  Location  of  electric  or  pneumatic  controls  used  for 
operation  of  the  various  components  of  the  machine  are  mounted  on  the  panel. 

The  economizer  (not  shown  in  figure  3)  is  located  in  the  cooler  below 
the  purge  unit.  It  partially  cools  the  condensed  refrigerant  before  passing 
it  on  ^o  the  evaporator.  Evaporation  in  this  chamber  helps  improve  the 
cooling  efficiency  of  the  machinet  Vapors  ithm  the  economizer  are  piped 
to  the  second  stage  of  the  compressor. 

Drum  Controller 

The  secondary  drum  controller  is  used  to  adjust  the  Amount  of  resis- 
tance in  the  rotor  Circuit  of  the  motor.   Resistors  are  used  with  the  drum  to 


provide  speed  regulation  and  act  as  an  energy  dissipating  unit.  The  maxi- 
mum amount  of  energy  turned  into  heat  in  the  resistors  amounts  to  about 
15  percent  of  the  motor  rating.  The  grid  resistors  perform  two  functions: 
First,  to  limit  the  starting  current  when  the  motor  is  accelerating  from 
standstill  to  operating  speed;  and,  second,  to  regulate  the  operating  speed 
of  the  motor.  The  drum  adjusts  the  amount  of  resistance  in  the  rotor  cir- 
cuit. Resistors  are  provided  with  connection  lugs  corresponding  to  the  con- 
nection lugs  on  the  drum.  The  resistors  limit  the  motor  starting  inrush  cur- 
rent to  150  percent  of  full  load  motor  starting  current  and  provide  25  per- 
cent speed  reduction  below  full  load  speed  of  the  motor.  The  drum  resis- 
tors are  connected  to  the  slip  rings.  The  Cutler-Hammer  drum  controller  * 
provides  balanced  resistor  speed  control  points  which  are  clearly  indicated 
on  the  drum  head.  Drum  points  that  are  no*  numbered,. are  unbalanced  re- 
sistor points  for  acceleration  only.  The  motor  should  not  be  permitted  to 
dwell  on  any  of  the  unbalanced  speed  points  as  these  points  serve  only  to 
limit  the  acceleration  current  drawn  by  the  motor.  An  electrical  interlock 
circuit  in  the  drum  consists  of  three  contact  fingers  and  cylinder  contacts 
below  the  main  contacts.  It  also  provides  the  electrical  connection  in  the 
full  resistance  position  to  allow  the  primary  switch  or  circuit  breaker  to  ap- 
pK  power  to  the  motor.  The  interlock  prevents  starting  the  motor  unless  all 
resistance  is  in  the  motor. 

„  • 

OPERATION.  Always  bring  the  drum  control  lever  to  the  "off"  position 
before  pressing  "start"  button.  Manual  starting  of  the  machine  at  the  motor 
location  assures  the  operator  complete  supervision  of  the  unit.  Interlock- 
ing wiring  connections  between  drum  controller  and  circuit  breaker  make  it 
necessary  to  return  drum  control  to  full  low  speed  position  (all  resistance 
in  the  motor)  before^  breaker  can  be  closed  while  oil  pressure  switch  is  by- 
passed holding  "start"  button  closed.  Releasing  "start"  button  before  oil. 
pressure  switch  closes  will  cause  breaker  to  trip  out  -  hence  a  false  start.  - 


To  regulate  speed,  move  the  drum  control  lever  to  next  higher  balanced 
speed  point  (marked  points)  and  pause  only  about  one  second  on  each  unbal- 
anced point  (unmarked  points).  Do  not  allow  motor 'to  run  on  unbalanced 
speed  points  due  to  possible  pulsating  torque.  This  causes  unnecessary 
wear  on  bearing,  gears  and  couplings. 

,  MAINTENANCE .  Isolate  all  power  before  attempting  any  maintenance, 
prum  contactors  should  be  checked  for  alignment,  kept  lubricated  with  a 
thin  coating  of  vasoline  and  kept  free  of  excessive  dirt  and  dust. 


The  motor  drive  unit  is  a  polyphase,  induction  motor,  440  volts,  1755 
RPM,  120  amps,  manufactured  by  Ideal  Electric  Manufacturing  Company. 


Motor 
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The  purpose  of  the  motor  is  to  drive  the  compressor  at  proper  speed  as 
load  requirements  demand.        <  9  . 

.Speec  In  crease  r 

The  speed  increaser  i3  a  separate  component  mounted  between  the  com- 
pressor and  motor.   (The  gears  are  speed  increase rs  required  to  obtain  the 
proper  compressor  speed  through  theCuse  of  standard  speed  motors.)  In 
general  ,\he  gears  are  of  the  double  helical  type,  properly  balance!  for 
smooth  ore  ration,  and  pressure  lubricated.  The  gear  wheel  and  pinion  are 
enclosed  \  an  oTPtight  case  which  is  split  atjtfie  horizontal  center  line. 
Lubrication  is  from  a  gear-type  oil  pump.  The  unit  has  an  oil  level  sight 
glass,  pressure  gage,  an  externally  mounted  Oil  strainer  and  oil  cooler. 

LUBRICATION.   The  oil  pump  is  a  guar  type .  When  assembling,  care 
must  betaken  to  see  that  the  paper  gasket  between  the  pump  6ody  and  brack- 
ets  is  of  the  proper  thickness.^  A  gasket  which  i£  too  thick  will  reduce  pump 
capacity  and  cause  an  oil  pressure  failure.  Aja  excessively  thin  gasket  will 
cause  unnecessary  load  on  the  gears,  resulting  in  wear  and  destruction  of 
the  gears.  Writing  paper  makes  a  good  gasket  when  shellacked  in  place. 
Never  use  a  dibber  gasket  on  any  oil  joint.  f 

A  good  gear  oil  mu^t  be  used  for  the  lubrication  pf  high  speed  gears. 
The  oil  must  be  kept  clean  by  filtering,,  find  filters  must  be  changed  as  often 
as  possible.  The  temjperature  of  the  oil  should  be  kept  approximately  130  F  - 
180°F.  Water  coolirfg  should  be  usW"whenever  necessary  to  keep  the  tem- 
perature within  these  limits.  " 

•  *     •  ; 

Selection  of  the  best  grade  of  oil  for  use  on  a  gear  is  based  6n  journal 
speeds,1  tooth  sneeds,  and  clearances.  In  general,  it  is  better  to  use  an  oil 
that  is  too  heav#than  one  too  light.  The  ^gears  will  be  somewhat  warmer, 
but  the  heavier  oil  will  take  care  of  the  higher  temperature  if  it  is  not  more 
than  a  few  degrees.  The  heavier  oil  is  rated  at  400  to  580'  seconds  viscosity. 

WATER  COOLING  OF  GEARS.   Water  cooling  of  gears  is  accomplished 
by  circulating  water  through  Water  jackets  cast  in  the  ends  of  the  gear  casing 
or  by  means  of  either  an  internal  or  external  oil  cooler.  This  system  is  con- 
nected to  a  supply  of  cool,  clean  water  at* a  minimum  pressure  of  4  pounds. 
A  regulatin/deviee  must  be  installed  in  the  water  supply  line.  The  discharge 
line,  should  have  frfee  outlet  without  valves  to  avoid  possibility  of  excessive 
pressures  on  the  system:  /  Piping  must  be  arranged  so  that  all  the  water  can 
be  drained  or  blown  out  dt  the  >yater  jackets  or  cooler  if  the  unit  may  tfe  sub- 
jected to  freezing  tempeiratures. 

r  *»•  r> 
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.  MAINTENANCE .  Inspect  to  see  that  both  the, driving  and  driven     * » 
machines  are  inline.  If  you  are  not  sure  that  alignment  is  correct,  check 
this  point  with,  gages.  Try  out  tne  water  cooling  system  to  see  if  it  is  tunc 
tioning  properly.  When  starting,  see  that  yon  have  sufficient  oil  in  the  gear 
casing  and  that  the  oil  pump  gives  required  pressure  (  4  to  8  lbs).  When  the 
temperature  of  the  oil  in  the  casing  reaches  100°F,  turn -on  the  water  cool- 
ing system.  Add  sufficient  oil  from  time  to  time  to  maintaiiythe  proper- oil 
level.  Never  allow  the  gear  wheel  to  dip  *nto  the  oil. 

Regular  cleaning  of  the  lubrication  system  and  tests  of  the  lubricant  are 
essential.  Clean  the  strainer  at  least  once  a  week  and  oftener  if  necessary. 
The*  manufacturer  recommends  the  gear  case  be  drained  and  completely 
cleaned  every  two  -  three  months.  Refill  with  new  filtered  oil.  From  time , 
to  time,  between  oil  changes,  samples  of  oil  should  be  drawn  off  and  the  oil 
checked.  If  water  is  present,  the  water  should  be  drawn  off;  and,  if  the r* 
is  a  considerable  amount  of  water  in  the  oil,  remove  all  oil  and  separate 
water  from  the  oil  before  it  is  used  again.  ,  " 

All  working  parts  are  easily  accessible  for  inspection  and  repair  except 
the  oil  pump.  If  the  occasion  arises  to  dismantle  the  gekrs,  extreme  pre- 
cautions must  be  taken  to  prevent  any  damage  to  gear  teeth.  The  slightest 
bruise  will  result  in  a  noisy  operation.  When  the  gears-are  removed,  place 
them  on  a  clean  cloth- covered  board  and  block  them  so  that  they  cannot  roll 
off.  Cover  gears  with  cloth  for  protection  purposes. 

a 

• 

Bearing  shells  and  oil  siingers  are  marked  and  should  be  reinstalled  in 
their  proper  places.  Gasket&are  used  between-the  oil  pum,p  bracket  and  oil 
pump,  and  under  hand  hole  covers.  All  parts  must  be  clean  when  reasserab^ 
ling.  Make  sure  that  no  metal  burrs  or  clpth  lint  are  present  on  any  part  of 
the  unit.  Coat  faces  of  flanges  with  shellac  before  they  are  bolted  in  place. 
A  thin,  coat  of  shellac  on  the  bearing  supports  will  prevent  oil  leaks  at  these 
places.  v 

When  bearings  are  worn,  they  must  be  immediately  replaced.  Worn 
bearings  will  cause  gears  to  wear.  Bearings  are  interchangeable  and  when 
new  bearings  are  installed,  the  gears  are  restored  to  their  original  center 
distance  2nd  alignment.  It  is  not  recummended  to  r**babbitt  bearings;  the 
heat  required  to  rebabbitt  bearings  will  cause  some  distortion  of  the  bearing 
shell,  do  not  renew  one  bearing  alone;  always  renew  in  pairs.  This  will 
help  eliminate  tooth  misalignment. 
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"^iPfu-- %tin*8  ***f  usfe,d  on  ali  Pipes  connected  to* the  oil  pump  bracket; 
use  this  type  on  all  replacements.  Threaded  fittings  may  cause  the  bracket 
to  be  pulled  out  of  line,  causing  noisy  operation  and'wear  on  gears. 

Couplings  should  not  be  driven onor  off  the  gear  or  pinion  shafts,  as 
hammering  may  injure  both  surfaces.  IProvisions  have  been  made  for  using 
a  jacking  device  for  putting  01^  or  removing  couplings  from  shafts. 

Gear  tooth  contact  and  wear  should  be  uniformly  distributed  over  the 
entire  length  of  both  gear  and  pinion  helixes.  If  heavier  wear  is  noted  on 
any  portion  of  the  helixes  or  any  part  of  the  tooth  face,  it  may  indicate  im- 
proper setting  of  the  gear  casing,  misalignment  of  connecting  shafts,  vibra- 
tion, excessive  or  irregular  wear  on  the  bearings,  or  poor  lubrication. 
Should  gear  teeth  become  damaged  during  inspection  or  operation,  remove 
burrs  by  use  of  a  fine  file  or  oilstoik,  \  Never  use  these  tools  to  correct  the 
^         tooth  contour.         .  ♦  4 

Misalignment,  poor  lubrication,  amd  vibration  can  cause  pitting  of  tooth 
surfaces  or  flaking  of  metal  in  certainureas  of  the  gears.  If  this  happens, 
check  alignment  and  remove  all  steel^particles. 

\ 

Couplings 

The  couplings  used  to  connect  the  motor  to  the  speed  increasing  gears 
and  from  the  gears  to  the  compressor  are  self-aligning  couplings.  The 
coupUng  is  of  the  flexible  geared  type,  consisting  of  two  externally  geared 
hubs  that  are  pressed  on  and  geared  to  the  shafts.  These  JjuOs  are  enclosed 
by  a  two-piece,  externally  geared;  floating  cover  which  functions  as  a  single 
unit  when  the  halves  are  bolted* together.  The  cover  is  supported  on  the  hub 
teeth  during  operation.  A  spacer  or,  spool  piece  is  used  with  the  cover  for 
the  compressor  coupling.   The  hub  teeth  and  cover  teeth  are  engaged  around 
the  complete  circumference  and  the  cover  and  sh&fts  revolve  as  one  unit. 
The  cover  and  each  shaft  are  free  to  move  independently  ofeach  other  within 
the  limits  of  the  coupling,  thus  providing  for  reasonable  angular  and  offset 
misalignment  as  well  as  end  float.  '  % 

■fi 

The  amount  of  misalignment  that  the  coupling  will  handle  without  es^s- 
sive  stressing  varies  with  the  size  of  the  coupling.   In  aliases,  however,  it 
should  be  treated  as  a  coupling  taking  care  of  incidental  Misalignment  and' 
should  ,never  pe  considered  as  a  universal  joint. 

Flexible  couples  are  generally  the  type  used  on  most^  centrifugal  units* 
They  will  Insure  long  life  if  properly  maintained.  The  two  most  important 
operating  services  to  insure  long  life  are  proper  lubrication  and  proper  ,       -  1 
alignment.  * 
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Centrifugal  Compressor 

The  easiest  way  to  understand  the  functions  of  a  centrifugal  compres- 
sor is  to  think  of  it  as  a  centrifugal  fan  of  the  type' used  for  forced  and  in- 
duced draft.   Like  the  fan,  the  compressor  takes  in  gas  and  whirls  it  at  a 
high  speed,  which  compresses  the- gas  by  centrifugal  force.   The  high 
velocity     the  gas  leaving  the  impellers  is  converted  to  a  pressure  ex- 
ceeding the  inlet  pressure.   At  maximum  speed,  the  compressor  will  pro- 
duce msuction  temperature  of  approximately  60°F  below  the  condensing 
temperature  of  R-ll.   Changing  speed  varies  suction  temperature. 

The  Compressor  casing  and  the  various  stationary  passages  inside  the 
compressor  casing  are  made  of  cast  iron.  The  compressor  shaft  is  made 
of  hard  steel,  turned  and  ground  with  keyways  for  each  impeller,  while  the 
impellers  are  of  the  built-up  type.  The  hub  disc  and  cover  are  machined 
steeNorgings.  The  blades  are  sheet  steel  formed  to  curve  backward  with 
respect  to  the  direction  of  rotation  and  riveted  to  the  hubs  and  covers.  After 
assembly,  the  wheels  are. given  a  hot-dipped  lead  coating  to  reduce  corrosion 
damage.  The  compressor  rotor  assembly  consists  of  the  shaft  and  impellers. 
It  runs  in  two  sleeve- type  bearings. 

*   Thermometers  are  inserted  in  the  top  of  each  bearing  cover  for  obtaining 
bearing  temperature.  Each  bearing  also  has  two  large  oil  rings  to  assure 
lubrication  when  the  machine  is  starting  up  or  slowing  down. 

Brass  labyrinth  packing  in  the  diaphragms  prevents  interstage  leakage 
of  gas.  Similar  packing  on  the  shaft  at  the  ends  of  the  casing  restricts  the 
flow  of  gas  between  the  main  compressor  casing  and#ie  bearing  chambers ,j 

ht  operation,  the  pressure  differential  across  each  impeller  produces  an 
axial  thrust  toward  the  suction  end  of  the  compressor.  This  thrust  is 
supported  by  a  ^TCinsbury"  thrust  bearing  at  .the  suction  end  of  the  shaft.  (See 
figure  13. ) 

COMPRESSOR  LUBRICATING  SYSTEM.  The  compressor  has  a  forced 
lubrication  system  (figure  13J  including  oil  pump,  bearing  oil  rings,  .pressure 
regulating  valves,  etc.  The  entire  oiling  system  is  housed  within  the  comp- 
ressor casing  and  the  oil  is  circulated  through  cored*  openings,  drilled  pas- 
sages, or  fixed  copper  lines.  This  eliminates  all  of  the  usual  external 
lines  and  their  danger  of  possible  rupture,  damage,  or  leakage.  All  of  the  ■ 
oil  for  the  lubricating  system  is  circulated  by  a  helical  gear  pump,  which  is 
submerged^  in  the  main  oil  reservoir.  The  simple,  positive  drive  assures 
ajnple  oil  (or  pressure  lubricating  and  cooling,  ail  journal  bearings,  thrust 
Hearings,  ajid  seal  surfaces. 
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Figure  13.  Oil  Piping  Diagram 
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\    The  reservoir  which  houses  the  oil  pump  is  an  integral  part  of  the 
rompressor  casing  and  is  accessible  through  a  cover  plate  on  the  end  of  the 
compressor.  Circulating  water  cooling  coils  are  fitted  to  the  cover  plate  to  ^ 
maintain  propei  oil  temperature.  % 

A  high  grade  turb.ne.oii,  such  as  DTE  heavy  medium  or  approved 
equivalent,  is  recommended  for  centrifugal  compressors.  To  be  sure  of 
specifications  on  grade  and  type  of  oil  to  use,  it  is  advisable  to  refer  to  the 
manufacturer's  maintenance  manual.  The  oil  in  the  centrifugal  compressor. 
.  should  be  changed, annually. 

v.. 

If  a  machine  is  to  be  started  for  the  first  time,  or  if  all  the  oil  has  been 
drained  from  the  unit,  the  following  lubrication  procedures  are  recommended; 

1.  The  machine  pressure  muse  be  atmospheric.  ^ 

2.  The  cover  on  the  front  bearing  at  the  coupling  end  of  the  compressor 
is  removed  ami  one  gallon  of  oil  is  poured  into  the  front  bearing  level. 

*  3.    Fill  the^seal  oil  pressure  chamber  by  removing  the  cover. 

4.  Remove  the  cover  from  the  rear  bearing  and  pour  oil  into  the 
chamber  until  the- Indicated  height  is  reached  as  recommended  on  the  plate 
on  the  pump  chamber. 

5.  Fill  the  atmospheric  float  chamber  through  the. connection  on  the 
side  of  the  chamber  untJ  jil  shows  in  the  sigfit  glass.   (See  figure  13.) 

x      6.    Pour  ,  small  amount  6f  oil  into  the  thrust^earmg  housing  by  re- 
moving the  strainer  cap  and  pouring  into  the  strainer. 

Under  normal  operating  coitions,  the  following  lubrication  procedures 

are  recommended:  , 

*  ... 

1.  Replacement  of  the  oil  Ulter  regularly,  depending  on  the  length  of 
operation  and  the  condition  of  Jhe  filter. 

2.  If,  at  any  time,  oil  is  withdrawn  from  the  machine,  replace  it  with 
new  oil.  .  ♦ 

3.  Clean  and  inspect  the  strainer  in  the  thrust  bearing  at  least  once 
•  a  year. 

4.  Replace  the  complete  oii'charge  at  least  once  a  year. 
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5.    After  shutdown  periods  of  more  than  a  month,  remove  the*  bearing 
covers  and  add  one  quart  of  oil  to  eacfi  bearing  well  before  starting. 

/ 

OIL  DRAINAGE.  To  drain  the  oil  system,  allow  the  machine-to  warm 
up  until  the  temperature  is  approximately  75°F.  „The  machine  must  be  at 
atmospheric  pressure.  The  pump  chamber  is  drained  by  removing  the  drain  • 
plug.  Replace  the  plug,  then  drain  the  atmospheric  float  chamber  in  the 
same  manner.  By  draining  these  two  chambers,  practically  all  of  the  oil  is 
removed.  The  oil  left  in  the  bearing  wells  and  seal  reservoir  is  useful  for 
keeping  the  bearing  in  satisfactory  condition  and  as  a  sealing  oii^/ 

To  keep  the  machine  in  the  best  operating  condition,  the  following  pre- 
cautions mujst  be  observed: )  -  "  '  „ 

y.    The  electric  heater  in  the  oil  pump  chamber  must  be  turned  on 
during  shutdown  periods,  and  must  be  turned  off  when  the  cooling  water  is 
turned  onOThe  pfurpose  of  this  heater  is  to*  keep  the  ft-11  and  oil  "separated. 

f 

\ 

Do  not  overcharge  the  system  with  oil;  The  oil  level  will  fall  as 
the  bil  is  circulated  through  the  system;  but  under  normal  operation,  the  w 
oil  level  will  increase  approximately  7  percent  in  volume  as  the  refrigerant 
becomes  absorbed  in  it.  The  oil  level  in  the  machine  will  be  approximately 
one -half  sight  glass. 

.   3.    Oil  can  be  added  to  the  filling  connection  (figure  13)  on  the  side  of  the 
atmospheric  float  chamber  onl^  while  the  machine  is  in  operation  and  the 
atmospheric  float  chamber  return  valve  is  open. 

•  1 

COMPRESSOR  SHAFT  SEAL.  A  shaft  seal  is  provided  where  tfce  shaft 
extends  through  the  compressor  casing.  The  seal  is  formed  between  a  ring 
called  the  rotating  sealing  seat  fitted  against  a  shoulder  on  the  shaft  and  the 
stationary  sealing  seat  attached  to  the  seal  housing  through  a  flexible  member 
or  bellows  assembly.  The  contact  faces  on  these,  seal  seats  ajre  carefully 
machined  and  ground  to  make  a  vacuum  tight  joint.  A  spring,  -called  the 
multiieaf  seal  spring,  moves  the  stationary  seal  seat  inktcontact  with  the 
rotating  seal  seat  to  make  the  proper  seal  when  the  compressor  is  shut 
down.  A  floating  ring  is  located  between  the  hub  of  the  stationary  sealing 
seat  and  the  hub  -of  the  rotating  sealing  seat.  A  seal  oil  reservoir  and  fil- 
ter chamber  are  attached  to  the  compressor  housing  above  the  seal  to- pro- 
vide oil  to  maintain  a  head  of  oil  to  the  seal  surface  during  shutdown  periods. 

Simply,  the  shaft' seal  consists  of  two  highry  polished  metal  surfaces 
which*  are  held  tightly  together  by  a  spring  -luring  shutdow^  and  are  separated,* 
by  a  film  of  oil  under  pressure  during  operation."  The  positive  supply  of  oil 


from  the  <iil  pump  during  operation  and  fcfce  seal  oil  reservoir  during  ahut- 
down  prevents  any  inward  leakage  of  air  or  outward  leakage  of  refrigerant, 
in  addition,  the  low  oil  pressure  safety  control  will  automatically  stop  the 
compressor  if  the  oil  pressure  to  the  seal  falls  below  a  safe  minimum. 

Condense r  , 

The  condenser  is^a  shell  and  tube  type  similar  in  construction  to  the 
cooler.  The  primary  function  ^of  the  condenser  is  to  receive  the  hot  refri- 
gerant teas  from  the  compressor  and  condense  it  to  a  liquid. 

A  secondary  function  6^th6  condenser  is  to  collect  and  concentrate  non- 
condensable  gases  so  that  th^y  may  be  removed  by  the  purge  unit.  The  top  i, 
portion  of  the  c.ondeq^efr  is  baffled.   This  baffle  encloses  a  portiori  df  the 
first  water  pass.  The  noncondensable  gases  rise  to  the  top  portion  of>fhe 
'  condenser  because  they  are  Ughrfl  than  refrigerant  vapors  and  because  it*  * 
is  the  coolest  portion  of  the  condenser.   (See  figures  14  and  15.) 
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Figure  14.  Condenser  Diagram 
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A  perforated  baffle  or  distribution  plate  (figure  l^)is  installed  along  th4 
tube  bundle  to  prevent  direct  impact  of  the  compressor  discharge  on  the. 
tubes.  The  baffle  also  serves  to  distribute  the  gas  throughout  the  length  of 
the  condenser. 

» 

4.        The  condensed  refrigerant  leaves  the  condenser  through  a  bottom  con- 
nection at  one  end  and  flows  into  the  condenser  economizer  float  chamber.' 
(See  figure  14.) 
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Figure  15.  Cross  Section  of  Condenser  (3  Pass) 
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The  water  boxes  (figurel4)of  all  condensers  are  designed  for  a  maximum 
working  pressure  of  200  Psig.  They  are  provided  with  the  necessary  divi- 
sion plates  to  give  the  required  flow.  Water  box  covers  may  be  removed 
without  disturbing  any  refrigerant  joint  since  the  tube  sheets  are  welded  in- 
to the  condenser  and  flanges.   Vent  and  drain  openings  are  provided  in  the 
water  circuit*. 

The  condenser  is  connected  to  the  compressor*and  the  cooler  shells 
with  expansion  joints  to  allow  for  differences  in  expansion  between  them. 
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Purge  Unit 

The  presence  of  -even  a  small  amount  of  water  in  a  refrigeration  system 
must  be  avoided  at  all  times,  otherwise  excessive  corrosion  of  various 
parts  of  the  system  may  occur.  Any  appreciable  amount  of  water  is  due  to 
a  leak  from  one  of  the  water  circuits. 

The  pressure  within  a  portion  of  the  centrifugal  refrigeration  system  is 
less  than  atmospheric;  therefore,  the  possibility  exists  that  air  may  enter  "  n 
the  system.  Since  air  contains  water  vapor ,  a  small  amount  of  water  will 
enter  whenever  air  enters.  ' 

The  function  of  the  purge  system  is  to  remove  water  vapor  and  air  from  ■ 
the  refrigeration  system  and  to  recover  the  refrigerant  which  is  mixed  with 
these  gases."  The  secondary  function  of  the  purge  unit  is  to  pressurise  the 
centrifugal*  machine  for  leak  testing. 

The  air  is  automatically  purged  to  the  atmosphere.  The  refrigerant  is 
condensed  and  automatically  returned  to  the  cooler  as  a  liquid.  Water,  if 
present,  is  trapped  in  a  compartment'of  the  purge  separator  Uitft  from  which 
it  can  be  drained  manually.  Thus,  the  purge  recovery  system  maintains  the 
highest  possible  refrigerating  efficiency. 

t 

PURGE  RECOVERY  OPERATION.   The  purge  recovery  operation  is 
automatic,  once  the  purge  switch  is  turned  "ON"  and  the  four  valves  listed 
below,  and  referred  to  in  figure  16,  are  opened. 

1 .  Service  valve  on  main  condenser. 

.  * 

2.  Hand  valve  in  suction  line.  , 

3.  Hand  Valve  in  the  return  liquid  refrigerant  line. 

* 

4.  Service  valve  on  economizer  in  return  liquid  refrigerant  line. 

(NOTE:  Water  drain  hand  valve  must  be  closed  during  normal  operation.) 

If  ther^should  be  an  air  leak  "in  the  system,  operation  of  the  purge  unit 
will  remove  the  air.   It  is  recommended  that  the  operator  stop  the  purge  unit 
at  intervals  and  shut- off  valves  (2)  and  (3)  listed  above,  to  check  for  leaks  in 
the  purge  system.  A  tight  machine  ynll  opt  collect  air  no  matter  how  long 
the  purge  unit  is  shut  off.  \ 

* 
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Presence  of  air  in  the  Centrist  unit  is  shiown  by  an  increase, in  Head 
Pressure  in  the  condenser.  The  pressure  can  develop  suddenly  Gradually 
during  machine  operation^hecking  the  difference  between  leaving  conden- 
ser water  temperature  and  the  Jtemperature  on  the  condenser  gage  can  be 
used  to  determin*  the  presence  of  air.  A  sudden  increase  between  these 
temperatures  ma\  be  caused  by  air.  In  some,  instances,  a  su<jften  increase 
in  cooler  pressure  over  the  pressure  corresponding  to  cooler  temperature 
during  operation,  may  be  caused  by  air  leakage. 

Small  air  leakages  are  very  difficult  to  determine.  It  may  take  one  or 
more  days  to  detect  an  air  leakage  in  the  machine.  A  leak  that  shows  up 
immediately  or  within  a  few  hours  is  large  and  npust  be  found  and  repaired 
immediately. 

'     Refrigerant  loss  depends  on  operational  conditions:  therefore,  these 
conditions  have  a  determining  effect  on  refrigerant  losses    The  oj^rator 
should  be  very  careful  in  maintaining  his  log  on  refrigerant  charged  and  the 
shutdown  level  in  the  cooler.  In  this  manner,  he  can  determine  the  time  a 
leafTdevelops,  refrigerant  loss,  find  the  cause,  and  correct  the  trouble. 

If  the  machine  operates  with  a. pressure  in  the  condenser  and  has  a 
sliuht  air  leak  during  normal  operation  but  indicates  a  large  gain  of  air  when 
shut  down  under  vacuum,  a  serious  leak  exists  in  the  high  pressure  side  of 
the  svstem.  Such  a  leak  will  be  to  the  outside  during  ope  ration^  and  cause  a 
large  amount  of  refrigerant  loss.  The  cause  must  be  found  and  corrected. 

Moisture  removal  by  the  purge  recovery  unit  is  just  as  important  as  air  < 
removal.   The  moisture  may  enter  the  machine  by  humidity  m  the  air  that 
can  leak  into  the  machine  or  by  a  water  leak  in  the  copier  or  condenser.  If 
there  are  no  water  leaks,  the  amount  of  water  coilectedby  the  purge  unit 
will  be  small  (one  ounce  per  day)  under  normal  operating  conditions  If 
•  large  amounts  of  water  are  collected  by  the  purge  unit  (one-hall  pint jjrj»y>, 
the  machine  must  be  checked  for  leaky  tubes.  Water  must  be  removed  manu- 
ally by  opening  water  drain  hand  valve.  If  any  water  does  collect,  it  should 
appear  in  the  sight-glass  and  should  be  drained.  Water  can  be  removed 
more  rapidly  when  the  machine  is  stopped  than  when  running.  If  the  machine 
is  collecting  large  amounts  of  moisture,  it  is  advisable  to  run  the  purge |uniU 
a  short  time  after  the  machine  is  stopped  and  before  it  is  started.  R™n£g 
the.pur-e  unit  before  the  machine  is  started  will  help  to  Yeduce  purging^ time, 
after  the  machine  is  started. 
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The  automatic  relief  pressure  valve  is  related  to  room  temperature  as 
r  shown  in  Tab!-*  1,  and  can  be  adjusted  by  a  screwdriver  after  removing  the 
top  cover  of  the  purge  unit  casing,   for  recommended  pressures  within  the 
condenser  pressure  limits,  refer  to  Table  1, 

-    '  > 

The  pressure  reducing  valve  is  adjusted  to  produce  a  suction  pressure 
on  the  purge  unit  and  wjll  not  allow  condensation  in  the  suction  line.  If 
condensation  does  ocour,  the  condensate  jplll  collect  in  the  crankcase  of  the 
purge  compressor,  causing  a\ foaming  and  excessive  oil  loss.  Table  1, 
shown  below,,  can  be  used  as  a  guide  for  setting  the  pressure  reducing  valve. 

If  ^he* pressure  reducing,  v^lve  is  wide  open,  there  will  be  a  pressure 
drop  of  a  few  pounds  acrosevfee  valve  and  the  suction  pressure  cannot  be 
adjusted  higj&r  than  a  few  pounds  below  the  machine  condensing  pressure. 


t 

Room 
Air 
Temperature 

65 

75 

85 

95 

105 

■ 

115 

Suction-  Pressure 
(Maximum 

Allowable) 

5 

Inch 
Vacuurr 

0-lb 
0-lb 
Gage 

3.5  lb 
Gage 

7  lb 
Gage 

Widfe 
Open 

Wide 
Open 

Relief  Pressure 
by  Adjustment  of 
Automatic  Relief 
Valve 

75-80 

75-80 

95-100 

95-100 

105  - 
110 

105  - 
110 

Table  1 


LUBRICATION .;  The  purge  unit  compressor  and  centrifugal  compressor 
use  the  same  type  arid  grade  of  oil.  Oil  can  be  added  to  purge  compressor  b> 
closing  the  hand  valves,  (2)  and  (3)  lifted  under  Purge  Recover  Operation, 
removing  the  plug  in  the  top  .of  the  oil  sight  glass,  and  adding  oil.  Draining 
the  oil  can  be  accomplished  by  removing  the  oil  plug  below  the  purge  com- 
prewor.   The  oil  level  can  be  checked  by  a  showing  of  oil  at  any  point  in  the 
sifcht  glass  while  the  ct  npressor  is  running  or  shut-down.  The  level  of  oil 
will  fluctuate  according/.   The  oil  level  should  be  checked  daily 

MAINTENANCE.  Other  components  that  must  be  closely  checked  in  the 
purge  recovery  unit  are  assfollows: 
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1 .    Belt  tension 

2     Relief  Valve. for  tightness  when  closed  to  prevent  loss  of  refrigerant. 

3.  Condenser  clean  and  free  of  air  obstruction. 

4.  High-pressure  cutout  shuts  down  the  unit  if  the  condenser  pressure 
reaches  110  pounds. 

CAUTION.  The  high  pressure  ^utout  remakes  contact  automatically 
to  start  the  purge  unit  on  75  lbsi-.-single  phase  motors  have  a  built-in 
thermal  overload  stopping  the  motor  on  overload.   It  automatically 
resets  to  start  the  motor  in  a  few  minutes. 

If  the  normal  delivery  of  refrigerant  is  interrupted,  it  is  usually  caused 
by  a  valve  being  closed  or  because  the  float  valve  is  not  operating.  This 
malfunction  is  indicated  bv  a  liquid  rise  in  the  upper  sight  glass.  Immediate 
action  must  be  taken  to  correct  this  trouble.   If  the  liquid  is  not  visible  in 
the  low^r  si^ht  glass,  the  float  valve  is  failing  to  close  properly. 

» 

Economizer 

A   omplete  description  of  the  function  of  the  economizer  is  given  under 
the  ref  iteration  cycle.   It  is  located  in  the  cooler  shell  at  the  opposite  end 
from  the  compressor  suction  connection  and  above  the  tube  bundle.  (See 
figure  17.)This  component  pre-cools  liquid  refrigerant  returning  to  the  evapo 
rator. 

The  economizer  is  a  chamber  with  the  necessary  passages  and  float 
valves,  connected  by  an  internal  conduit  passing  logitudinally  through  the 
cooler  "as  space  to  the  compressor  second  stage  inlet.  This  connection 
maintains  a  pressure  in  the  economizer  chamber  that  is  intermediate  (about 

0  Psig  between  the  cooler  and  condenser  pressures)  and  carries  away  the 
vapors  generated  in  the  chamber.   Before  entering  the  conduit,  the  econo- 
mizer vapors  pass  through  eliminator  baffles  to  extract  any  free  Uquid  re- 
frigerant and  drain  it  back  into  the  chamber. 

There  are  two  floats  in  separate  chambers  on  the  front  end  of  the 
economizer    The  top  or  condenser  float  valve  keeps  the  condenser  drained 

01  refrigerant  and  admits  the  refrigerant  from  the  condenser  into  the  econo- 
mizer chamber.  The  bottom  or  economizer  float  vaWe  returns  the  Uquid  to 
the  cooler  or  evaporator. 
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Evaporator 


The  cooler  or  evaporator,  (see  figures  17,  18;and>9^  is'»f.a  horizontal 
shell  and  tube  construction  wrth  fixed  tube  sheets.  The*£heil  is  low  carbon 
steel  plate  rolled  to  shape  and  electrically  welded  in  plafce.*  '  - 

i      The  cooler  and  condenser  both  have  corrosion- resistance  cast  iron 
water  boxes.  They  are  designed  to  permit  complete  inspection  wlthbut 
breaking  the  main  pipe  joints.   Full  size  separate  cover  plates  givejspces's 
to  all  tubes  for  easy  cleaning.  The  cooler  water,  boxes  are  designed  for 
maximum  200  lbs  working  pressure.  They  are* provided  with  cast  iron  divi- 
sion plates  to  give  the  required  water  .pass  flow.. ;   >  , 

Both  the  cooler  and  condenser  have  tube  sheets. of.  cupre-nhrkle ,  welded 
to  ttye  shell  flange.   Cupre-nickle  is  highly  resistant  to  corrosion. 
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CONOENSER  ECONOMIZER 
FLOAT  CHAMBER 


tlQttlO  REFRIGERANT 
FROM  CONDENSER 


ELIMINATORS 


EVAPORATOR  TUBES 


EVAPORATOR  ECONOMIZER 
FLOAT  CHAMBER 


Figure  17.  Cross  Section  -  Economizer 
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,       The  tubes  in,  the  cooier  are  copper  tubes  with  an  extended  surface.  The 
belled  ends  are  rolled  into  concentric  grooves  in  the  holes  of  th£  tube  sheets. 
Tube  ends  are  rolled  into  the  tube  sheefs  and  expanded  into  two  internal 
support rsheets.  By  this,  the  advantage  of  removable  tubes  is  obtaineO. 

r 

The  normal  refrigerant  charge  in  the  cooler  cover^only  about  50  per- 
cent of  the  tube  bundle  f  However,  during  operation,  the  violent  boiling  of 
the  refrigerant  usually  covers  the  tube- bundle .  :  ... 

j      •  •      ■  y 

,  The  cooler  is  equipped  with  multibend,  npnferrous  eliminator'  plate's  > 
above  the  tube  bundle  which  remove,  the  liquid  droplets  from  the  vapor  stream 
and  prevent    carryover  of  liquid  refrigerant  particles  into  the  compressor 
suction.  Inspection  covers  are  provided  hvthe  ends  of  the  cooler  to  permit 
access  to  the  eliminators.  * 

A  rupture  valve  with  a  15- lb  bursting  disc  is  provided  on  the  cooler  and 
a  15  Psig  pop  safety  valye  is  screwed  into  a  flange  above  the  rupture  disc.  ' 
These  items  are  strictly  for  possible  disaster  conditions  because  it  is 
highly  improbable  that  a  pressure  greater  than  5  to  8  Psig  will  ever  be  at- 
tained without  purposely  blocking  off  the  compressor  suction  opening. 

An  expansion  thermometer  is  provided  to  indicate  the  temperature  of  the 
refrigerant  within  the  cooier  during  operation.  ,  A  sighf  glass  is  provided  to 
observe  the  chaj-ging  and  operating  refrigerant  level. 

A  charging  valve  with  connections  is  located  on  the  side  off  the  cooler  for 
adding  or  re  moving,  refrigerant.  The  connection  is  piped  to  the  bottom  of 
the  cooler  so  that  complete  drainage  of  refrigerant  is  possible.  A  refriger- 
ant drain  to  the  atmosphere  is  also  provided  near  the  charging  connection 
expansion  thermometer. 

A  small  chamber  is  welded  to  the  cooler  shell  at  a  point  opposite  the 
economizer  and  above  the  tube  bundle.  A  continuous  supply  of  liquid  from 
the  condenser  float  chamber  is  brought  to  the  expansion  chamber  while  the 
machine  is  running.   The  bulb  of  the  refrigerant  thermometfl^and  the  refri- 
gerant safety  thermostat  bulb  are  inserted  in  this  expansion  chamber  for 
measuring  refrigerant  temperature. 

/■  -t 
.   REFRIGERANT.    Trichloromonofluoro methane,  CFCI3,  (R-ll),  is  a 
colorless  liquid  at  normal  atmospheric  pressures  and  temperatures.  It  is 
very  volatile  and  boils  at  74.8°F.  It  may  be  handled  in  open  containers  with 
little  loss  by  evaporation.  The  liquid  is  about  1.5  times  as  heavy  as  water 
and  weighs  12-1/2  lbs  per  gallon.  A  mixture  of  Water  and  liquid  refrigerant 
will  separate  completely,  the  water  floating  above  the^ heavier  refrigerant. 
The  liquid  Will  dissolve  oils  and  greases  in  ail  proportions  .  It  dries  the  skin 
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by  j  emovkig  the  natural  oils.  It  also  dissolves  rubber  and  will,  therefore, 
destro/* picking  materials  containing  rubber. 


.    The  vapor  is  heavy  -  about  4.8  times  as  heavy  as  air.  Being  heavy,  it 
will  drop  to  the  floor  of  a  room  and  settle  in  low  places.   For  this  reason, 
^openings  in  the  top  of  chambers  containing  refrigerant  vapor  will  cause  little 
toss. 

> 

The.  odor  of  the  vapor  is  sweet.   Large  concentrations  in  air  are  not 
harmful,  but  will  cause  dizziness  and  eventually  headache. 

The  vapor  will  not  support  combustion  and  is  classed  as  nonflammable 
and  nontoxic.  t, 

The  refrigerant  is  shipped  in  drums  of  200  lbs  net.  The  quantities  for 
charging  machines  depend  onithe  cooler  size.  The  100  ton  centrifugal  unit 
trainer  holds  a  charge -of  650  lbs. 


The  operator  must  cheek  the  cooler  and  condenser  for  proper  refriger- 
ant level  and  make  sure  that  the  tubes  in  the  cooler  and  condenser  are  in 
efficient  operating  condition. 

The  correct  refrigerant  charging  level  is  indicated  by  a  cross  wire  on 
the  sight  glass.  The  machine  must  be  shut  ddwn  to  get  an  accurate  reading 
on  the  sight  glass.   For  efficient  operation,  the  refrigerant  level  must  not 
be  lower  than  1./2  inch  below  the  cross  wire;  a  refrigerant  level  above  tnis 
reference  tine  indicates  overcharge.  When  this  condition  exists,  the  over- 
charged refrigerant  must  be  removed. 

If  the  machine  has  been  in  operation  for  long  periods  of  time,  the  re- 
frigerant level  will  drop  due  to  refrigerant  loss.  When  this  condition  exists, 
additional  refrigerant  must  be  added  to  the  system  to  bring  the  refrigerant 
level  to  its  proper  Jieight  as  indicated  on  the  cross  wire.  Observe  all  cau- 
tions and  do  not,  over  charge  the  cooler. 


A  method  of  determining  if  the  tube  bundle  of  either  the  cooler  or  con- 
denser is  operating  efficiently  is  to  observe  the  relation  between  tye  change 
in  temperature  of  the  condenser  water  or  chilled  water  and  the  refrigerant 
temperature.  In  most  cases,  the.  chilled  water  or  condehser  water  flow  is 
held  constant.   Under  such  conditions,  the  temperature  change  of  chilled 
vater  and  condenser  water  is  a  direct  indication  of  the  load.  As  the  load  in- 
creases, the  temperature  difference  between  the  leaving  water  or  condenser 
water  entering  and  the  refrigerant  increases. 


Cooler  and' Condenser  Check  Points 
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A  careful  check  should  be  made  of  the  temperature  differences  at  full 
load  when  the  machine  is  first  operated,  and  a  comparison  made  from  time 
to  time  during  operation.  During  constant  operation  over  long  periods  of  time 
the  cooler  frnd  condenser  tubes  may  become  dirty  or  scaled,  and  the  tempera- 
ture difference  between  leaving  water  or  chilled  water  will  increase.  A  the 
increase  in  temperature  is  approximately  2°  to  3°F  at  full  load,  the  tubes 
should  be  cleaned. 

* 

Read  the  condenser  pressure  gage  when  taking  readings  of  the  tempera- 
ture difference  between  leaving  condenser  watei*  and  condensing  temperature. 
Before  taking  readings^  make  sure  the  condenser  is  completely  free  of  air. 
The  purge  unit  should  he  operated  for  at  least  24  hours  before  readings  are 
taken.  t 

Suction  Damper 


The  suction  damper,  (figures  19  and  20),  is  a  throttling  damper  built 
into  the  cooler  suction  flange  located  between  the  evaporator  or  cooler  and 
the  compressor.   By  throttling  the  compressor  suction,  the  pressure  dif- 
ferential through  which  the  compressor  must  handle  the  refrigerant  vapor, 
is  increased.  The  centrifugai^compressor  has  a  very  flat  characterise, 
i.e. ,  the  pressure  differential  against  which  it  will  deliver,  is  definitely 
limited  by  the  speed  at  which  x{ is  running.  Consequently,  increasing  t!.e  , 
differential  will  result  in  a  decrease  in  the  amount  of  refrigerant  pumped. 
It  has  already  been  stated  under  the  heading  ^Centrifugal  Compressor",- 
that:  At  normal  speeds,  the  unit  is  capable  of  producing  a  suction  tempera- 
ture about  60  F  below  the^temperatu^ of  condensation;  therefore,  throttling 
of  the  suction  of  the  compressor  is  a  very  effective  method  of  capacity  con- 
trol. 

Control  Panel 

The  control  panel,  item  8  on  figure  3,  houses  the  suction,  discharge, 
back  of  seal  and  seal  chamber  pressure  gages;  also,  the  high  head  pressure 
cutout,  low  oil  pressure  cutout,  low  chill  water  temperature  cutout,  and  the 
low  liquid  refrigerant  temperature  cutout.  This  allows  for  a  central  and 
ready  accessible  location  of  these*sstfety  controls. 

Refrigei  ation  Cycle 

The  centrifugal  refrigeration  system  employs  the  same  general  type  of 
compression  refrigeration  cycle  used  on  other  mechanical  refrigeration  sys- 
tems. Its  features  are  as  follows: 
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t    A  centrifugal  compressor  of  two  or  more  stages. 

*  ^   " 

•    A  low-pressure  refrigerant  such  as  R-ll  or  R-H3. 

ft    An  economizer  in  the  liquid  return  from  the  condenser  to  the 
evaporator.  The  use  of  this  piece  of  equipment  reduces  the  horsepower  re- 
quired per  ton  of  refrigeration  by,  increasing  the  efficiency  of  the  refrigera- 
tion cycle.  It  is  made  possible  by  using  a  multistage  turbo- compressor. 

\  *  i 

The  refrigerant  cycle  is  more  easily  described  by  starting  at  the  evapor- 
ator of  the  machine.  (See  figure  20. )  Since  the  chilled  water  flowing  through 
the  tubes  is  warmer  than  the  refrigerant  in  the  shell  surrounding  the  tubes, 
the  heat  flows  from  the  chilled  water  to  the  refrigerant.  "This  heat  evaporates 
the  refrigerant  at  a  temperature  corresponding  to  the  evaporator  pressure. 
Refrigerant  vapors  are  drawn  from  the  evaporator  shell  into  the  suction  in- 
let of  the  compressor.  The  suction  vapors  are  partially  compressed  by  the 
first  stage  impeller  and  then  combined  in  the  flash  gas  vapors  coming  from 
Ihe  economizer  at  the  second  stage  impeller  inlet.  (See  figures  17,  L8,  and  20. ) 
Refrigerant  gas  discharged  by  the  compressor  condenses  on  the  outside  of 
the  condenser  tubes  by  giving  up  heat  through  theVcondenser  tubes  to  the  cooler 
condenser  water.  The  liquified  refrigerant  drains  from  the  condenser  shell 
down  through  an  inside  Conduit  into  ihe  condenser  fldat  chamber  on  the  side 
and  near  the  end  of  the  evaporator  shell.  As  the  refrigeranMevel  rises  in 
the  float  chamber,  the  float  valve  is  opened  and"  allows  the  liquid  to  pass  in- 
to the  economizer  chamber  which  is  in  the  end  of  the  cooler.  The  pressure 
in  the  economizer  chamber  is  approximately  halfway  between  the  condensing 
and  evaporating  pressures;  consequently ^Sufficiently  wareri  liquid  refriger- 
ant evaporates  to  cool  the  remainder  to  a  temperature  (lower)  corresponding 
to  ,the  lower  pressure  in  the  economizer  chamber.  This  evaporation  takes 
place  by  rapid  "flashing"  as  the  liquid  refrigerant  passes  through  the  float 
valve  and  the  conduit  leading  to  the  economizer  chamber.  The  flashed  vapors 
pass  through  eliminator  baffles  and  a  conduit  to  (he  suction  side  of  the  second 
stage  of  the  compressor.  The  cooled  liquid  then  flows  Into  the  economizer 
float  chamber  located  below  the  condenser  flqat  chamber.  As  tip  level  in  ^ 
the  economizer  float  chamber  rises,  the  float  valve  is  opened,  allowing  the 
'  liquid  refrigerant  to  flash  again  into  the  bottom  of  the  cooler.  Since  the 
evaporator  pressure  is  lower  than  the  economizer  pressure,  soay?  of  the 
liquid  is*evapo  rated  to  cool  the  remainder  to  the  operating  temperature  of 
the  evaporator.  These  vapors  pass  up  through  the  liquid  refrigerant  to  the 
compressor  suction.  The  remaining  liquid  serves  as  makeup  for  the  refri- 
gerant continually  being  evaporated  by  tjie  chilled  water.  This  completes  the 
cycle . 

) 
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SAFETY  CONTROLS.  Safety  controls  are  provided  to  stop  the  ceitfri- 
fugai y  hazVrdois  condition.  The  safety  controls  (see 
figure  21>  are  as  follows: 


.  1. 
/ 

2. 


1.  Low  oil  pressure  switch. 

High  condensing  pressure  cutout. 

3.  Low  refrigerant  temperature  cutout. 

4.  Lowxrhill  water  temperatur^  cutout. 

5.  C hi U 'water  pump  interlock. 

6.  Drum  control  interlock.  ^ 

7.  .Thermal  overload  cutout.  .  . 

i  „w  oil  bressure  may  cause  damage  to  the  bearings  and  to  the  seal.  High 
.nndLsin^  oressuw  m^/resuit  in  overloading  of  the  compressor,  gears  or 
£fi ^S^^S^mr.  Low  refrigerant  temperature  and  low 

is  in  the  rotor  circuit.  The  thermal  overload  cutout  protects  the  control 


circuit. 


SAFETY  CONTROL  OPERATION.  All  the  safety  controls  are  automatic 
reseUn«r7meSsT  Each  safety  Instrument  operates 

normally  closed  contactor  will  open  to  energize  thejdrc^t  bre^r  trtfcw 
ctlt    When  the  circuit  breaker  trip  circuit  *  ™S£uT^T<££?* 
trios,  ooen  and  stops  the  compressor  motor.  The  oil  safetyroucn  oi»wc 
somtwha?  oTferently .  Since  the  oil  pressure  1-  not  up  to 
until  the  compressor  comes  up  to  speed,  the  relay  for  the  oil  pressure  switch 
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must  be  by- passed  when  the  machine  is  started.  The  function  of  by- passing 
the  relay  for  the  oil  safety  switch  is  accomplished  by  a  time  delay  relay  in 
the  circuit  breaker,  which  keeps  the  trip  circuit  open  until  the  compressor 
is  up  to  speed.  After  a  predetermined  time  interval,  the  time  delay  relay 
closes  the  trip  circuit  at  the  circuit  breaker  and  the  oil  safety  switch  serves 
its  function.  If  the  oil  pressure  does  not  buiM  up  by  the, time  the  time  de- 
lay relay  closes,  the  trip  circuit  will  be  energized  and  the  machine  will  stop. 
The  low  oil  pressure  switch  cuts  out  at  five  pounds  and  in  at  six  pounds.  The 
high  condensing  pressure  cuts  out  at  12  psi  and  in  at  eight  J>si.   The  low  re- 
frigerant temperature  cuts  out  at  32°F  and  in  at  approximately  35°F.  The 
low  chill  water-temperature  cuts  out  at  38°F  and  in  at  45°F. 

OPERATIONAL-CONTROLS .   The  operational  controls  are  as  follows. 

1.  Compressor  speed  control. 

2.  Chilled  water  control. 

3.  Condenser  water  temperature. 

4.  Hot  gas  by- pass.  , 

* 

Compressor  speed  control.  When  a  compressor  is  driven  by  a  variable 
speed  wound  rotor  motor,  motor  speed,  and  therefore,  .compressor  speed 
is  controlled  by  varying  the  resistance  in  the  rotor  circuit  of  the  motor  by 
means  of  a  "Drum  Controller." 

Suction  Damper  Control.  Throttling  the  suction  of  the  compressor  is 
obtained  by  a  throttling  damper  built  into  the  evaporator  suction  flange.  Suc- 
tion damper  modulation  is  effected  by  means  tit  a  temperature  controller  that 
sends  an  air  signal  to  the  suction  damper  motor  in  response  to  temperature 
changes  of  the  chilled  water  leaving  the  cooler. 

Condenser  Water  Temperature  Control.  By  throttling  the  condenser 
water  flow,  the  condenser  pressure  can  be  increased,  thereby  increasing  the 
pressure  differential  on  the  compressor  and  reducing  its  capacity.  Occa- 
sionally, the  lowest  speed  available  by  means  of  the  variable  speed  control 
furnished,  may  be  insufficiently  low  to  meet  the  operation  conditions.  In 
such  a  case,  the  condenser  water  flow  may  be  throttled  and  the  compressor 
speed  requirement  brought  up  into  the  range  of  the  speed  control. 

.  *  > 

Hot  Gas  By-pass  Control.  The  hot  gas  bypass  is  used  to  prevent  the 
compressor  from  surging  at  low  load  conditions.  Should  a  low  load  condi- 
tion exist,  the  hot  gas  by-pass  hand  valve  is  opened  until  surging  stops.  In 
reality,  hot  gas  is  by- passed  directly  from  the  condenser  through  a  flange 


with  a  venturi  (restrictor)  using  a  small  amountpl  liquid  to  desuperheat  the 
nas    The  precocied  gas  can  then  be  injected  >n&  the  cooler  or  evaporator. 
The  hot  gas  supplements  the  small  volume  of  gas  that  is  evaporated  in  the 
cooler  due  to  a  low  load  condition.  The  head  pressure  is  trying  to  return  to 
the  low  side  through  the  compressor  backwards  when  the  suction  damper 
closes.  This  is  when  surging  takes  place.  i 

*  » 

ADJUSTMENT  OF  OPERATIONAL  CONTROLS.  The  control  system 
drawings  give  actual  settings  for  pressure  controllers.  The  final  8«^n?8 
should  be  determined  under  actual  operating  conditii  ns.  You  must  determine 
what  pressure  change  corresponds  to  a  speed  change  and  then  adjust  tjie 
pressure  controller  accordingly.  Refer  to  the  •  Manufacturers  Guides  or  . 
Manuals'*  on  details  of  adjustments. 

Capacity  Controls 

Listed  below  are  the  three  methods  of  controlling  the  capacity  output  of 
a  centrifugal  machine.  ^ 

1 .  Controlling  the  speed  of  the  compressor. 

2.  Throttling  the  suction  of  the  compressor. 

3 .  Increasing  the  discharge  pressure  of  the  compressor. 

The  three  methods  given  are  listed  in  order  of  their  efUciency.  At  par- 
tial loads,  the  power  requirements  will  be  least  if  the  compressor  speed  is 
reduced  -  not  quite  as  low  if  the  suction  is  throttled  -  and  highest  if  the 
condenser  water  flow  is  throttled  to  increase  the  discharge  pressure.  As  you 
have  probably  alfeady  noticed,  the  operational  controls  and  capacity  controls 
are  the  same  with  exceptions  to  the  hot  gas  by- pass.  The  hot  gas  by-pa ss  is 
not  a  capacity  control:  it  serves  only  to  control  surging  at  low  loads  thereby, 
considered  to  be  an  operational  control  only. 

Control  Circuit  t 

The  control  circuit  in  figure  21  uses  110  V  a.  c.  as  a  power  source.^  This 
control  circuit  is  used  to  connect  the  various  safety  and  operational  control 
^relays  in  such  a  manner  as  to  allow  current  to  How  through  the  circuit  tKus 
protecting  the  system  against  hazardous  conditions,  an<Tallowing  the  starting 

of  the  machine.  f 

*%  ■  , 

The  thermal  overload,  low  Uquid  refrigerant  temperature  cutout,  low 
chill  water  temperature  cutout,  high  head  pressure  cutout,  and  the  stop 
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button  are  normally  closed.  These  relays  will  open,  stopping  the  machine, 
whenever  a  hazardous  condition  exists.  Since  the  stop  button  is  a  manual 
coritrey  it  must  be  depressed  by  the  operator. 

{     Before  starting  the  system,  the  operator  must  manually  close  the  chili 
water  pump  interlock  and*  place  the  handle  on  the  drum  controller  in  the 
"off"  position,  closing  the  drum  control  interlock.  To  start  the  system,  the 
operator  must  manually  depress  the  start  button,  thus  creating  a  circuit 
through  the  thermal  overload,  interlock  control  relay,  low  liquid  refrigerpnt 
temperature  cutout,  low  chilled  water  temperature  cutout,  high  head  pressure 
cutout,  drum  control  interlock,  the  start  button  and  the  stop  button. 

Current  witt'also  now  through  the  chilled  water  pump  interlock,  and  up- 
on reaching  the  mud  mum  oil  pressure,  the  oil  pressure  switch  will  close. 
If  after  a  twenty  second  period,  the  oil  prefcs«re  switch  has  not  closed,  re- 
lease the  start  button  and  check  your  electrical  circuit  for  possible  troubles. 

After  the  oil  pressure  switch  has  closed,  and  after  the  drum  controller 
is  placed  in  speed  "1"  or  higher,  the  current  will  flow  through  the  following: 
thermal  overload,  interlock  control  relay,  low  liquid  refrigerant  temperature 
cutout,  low  chill  water  temperature  cutout,  high  head  pressure  cutout,  oil 
pressure  switch,  chilled  water  pump  interlock  and  the  stop  button. 

To  stop  the  machine,  whether  normal  or  emergency  operation,  depress 
the  stop  button.   NOTE:  The  interlock  control  relay  is  energized  by  a  mag- 
netic coil  that  closes  and  allows  current  to  flow  to  the  holding  coil  of  the  main 
circuit  breaker  trip  switch.   Should  the  power  be  interrupted  by  any  of  the 
safety  controls,  the  ICR  (interlock  control  relay)  will  deenergize,  tripping 
the  main  circuit  breaker  trip  switch. 

SYSTEMS  OPERATION, 

The  centrifugal  machine  is  stopped  and  started  by  the  operating  personnel. 
Definite  operating  instructions  may  be  prepared  by  your  installation  super- 
visor, and  are  usually  posted  near  the  machine  Iqr  ready  reference. 

It  is  very  difficult  to  give  definite  instructions  in  this  manual  on  the  opera- 
tion procedures  for  a  given  installation.  Various  design  factors  change  the 
location  of  controls,  types* of  controls  used,  and  equipment  location  and  will 
have  a  definite  effect  on  operational  procedures. 

In  this  section,  a  general  description  of  startup  and  shutdown  instruc- 
tions is  given.  It  is  recommended  that  you  follow  your  installation  standard 
operating  procedure  or  operating  instructions/ 
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Figure  21 .   Control  Circuit 
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Normal  Starting  Procedures 

* 

Listed  below  are  the  recommended  steps  that  can  be  used  in  normal 
starting: 

1.  Check  oil  levels  for  motor,  gear,  couplings,  compressor,  and  , 
bearing  wells. 

2.  Allow  condenser  water  to  circulate  through  the  condenser  ,  being 
sure  to  vent  air  and  allow  the  water  to  flow  through  slowly.  This  precaution 
must  be  observed  to  avoid  water  hammer. 

! 

3.  Allow  chilled  water  to  circulate  through  the  cooler.  Be  sure  to  vent 
the  air  and  allow  the  liquid  to  flow  through  slowly.  As  explained  above,  this 
will  help  in  preventing  water  hammer. 

4.  Make  sure  that  air  pressure  is  present  at  all  air-operated  controls. 

•  5.  Start  the  purge  unit  before  starting  the  machine;  this  helps  in  re- 
moving air  from  the  machine.  The  purge  recovery  unit  should  be  operated 
at  all  times  while  the  machine  is  operating. 

6.    Make  sure  all  safety  controls  have  been  reset  and  that  the  control 
lever  is  in  "OFF"  position. 


7.  Close  the  circuit  breaker  for  all  safety  controls  by  pushing  the 
start  button  in. 

8.  Bring  the  machine  up  to  75  percent  of  full  load  with  all  resistance 
in.  Check  oil  gages  to  make  sure  proper  oil  pressure  is  being  developed. 
If  proper  oil  pressure  is  not  developed  in  approximately  20  seconds,  the 
machine  will  cutout  on  low  oil  pressure. 

9.  Open  the  valve  to  allow  the  cooling  water  to  circulate  to  the  compres- 
sor oil  cooler,  gear  or  turbine  oil  cooler  and  seal  jacket.  The  water  circu- 
lating to  the  compressor  oil  cooler  must  be  kept  low  enough  in  temperature 

to  prevent  the  highest  bearing  temperature  from  exceeing  a  temperature  of 
180  F.  The  seal  bearing  temperature  should  run  approximate Ijj  160°F, 
while  the  thrust  bearing  temperature  runs  at  approximately  145  F  under 
norma)  operating  conditions.  These  temperatures  should  be  checked  closely 
, until  they  maintain  a  satisfactory  point. 

10.  After  starting,  the  machine  may  surge  until  the  air  in  the  conden- 
ser has  been  removed.  During  this  surging  period,  the  machine  should  be 
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an  at  high  speed;  this  helps  the  process  o(  purging.  The  condenser  P«J; 
Tre  should  not  exceed  12Psig  and  the  input  current  to  ^tor-driven  machines 

Wd  ™t  run  over  100  percent  of  the  full  load  motor  rating.  The  macMne 
^sleatTtsel^t  as  Si  the  air  has  been  purged.  After  leveling  out  the 
m  or  spTed,  the  damper  may  be  adjusted  to  give  the  desired  coolant  tern- 
oerature    The  motor  should  be  increased  slowly,  point  to  point.  Do  not 
5£eed  io  the  next  speed  point  until  the  motor  has  obtained  a  steady  speed. 
Keep  a  close  observation  on  the  ammeter  to  make  sure  that  the  motor  does 
not  become  overloaded. 

Normal  and  Emergency  Shutdown 

NOTE.  Normal  and  emergency  shutdown  procedures  are  performed  in 
the  same  manner. 

The  following  steps  are  used  in  shutting  down  the  centrifugal  machine. 

I.    Stop  the  motor  by  depressing  the  stop  twtton. 

2     After  the  machine  has  stopped,  turn  off  the  water  valve  which  supplies 
water  to  the  compressor  oil,  gear  oil  cooler,  and  the  seal  housing. 

3.    Shut  down  all  pumps  as  required. 

Shutdown  periods  may  be  broken  down  into  two  classes,  standby  and  ex- 
tended i shutdown.  Standby  shutdown  may  be  defined  as  the  period  of  time 
durlnj  S  machine"  must  be  available  for -immediate »*e 
ded  shutdown  is  defined  as  that  period  of  time  during  which  the  machine  is 
out  of  service. 

STANDBY  SHUTDOWN.   The  following  checks  must  be  made  during 
standby  shutdown  and  corrective  action  taken. 

1.  Maintain  proper  oil  level  in  the  oiljreservoir  and  in  the  suction 
damper  stuffing  box. 

2.  Room  temperature  must  be  above  freezing. 

3 .  Machine  must  be  kept  free  of  leaks. 

4 .  Purge  unit  must  be  operated  as  necessary  to  keep  the  machine 
pressure  beiow  atmospheric  pressure. 

5 .  If  the  machine  pressure  builds  up  in  the  unit  due  to  room  tempera- 
,  ture  rather  than  leakage  of  air  into  the  machine,  a  small  quantity  of  water 
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circulated  through  the  condenser  or  cooler  will  hold  the  machine  pressure 
below  atmospheric.  Periodic  operation  of  the  purge  unit  will  accomplish 
the  same  result.  . 

> 

6.    The  machine  should  be  operated  a  few  minutes  each  week  to  circu- 
late oil  and  lower  the  refrigerant  temperature. 

EXTENDED  SHUTDOWN .  If  the  system  is  free  of  leaks  and  the  purge 
unit  holds  down  the  machine  pressure,  the  following  instructions  and  cor- 
rective actions  must  be  taken  in  long  shutdown 'periods. 

1.  Drain  all  water  from  the  compressor,  gear  and  turbine  oil  cooler, 
condenser,  cooler,  seal  jacket,  pumps,  and  piping  if  freezing  temperatures 
are  likely  to  develop  in  the  machine  room. 

2.  It  is  possible  for  the  oil  to  become  excessively  diluted  With  refrig- 
erant causing  the  oil  level  in  the  pump  chamber  to  rise.  This  level  should 
not  be  allowed  to  rise  into  the  gear  bearing  chamber;  if  this  occurs,  re- 
move the  entire  charge  of  oil  J 

LOGS  AND  RECORDS 

A  daily  operating  log  is  maintained  at  each  attended  plant  for  a  record 
of  observed  temperature  readings,  water  flow,  maintenance  performed,  and 
any  unusual  condition  occurring  which  affects  an  installation  operation.  The 
operator  is  held  responsible  for  keeping  an  accurate  log  while  on  duty. 

A  master  chart  of  maintenance  duties,  each  component  identified,  is 
usually  prepared  by  the  installation  supervisor  and  includes  daily,  weekly, 
and  monthly  maintenance  services.  The  maintenance  items* included  on  the 
chart  are  applicable  to  a  specific  installation.  The  items  on  the  chart  must 
be  checked  accordingly. 

The  master  chart  is  placed  near  the  operating  equipment  for  ready 
reference  so  that  operators  can  identify  the  specific  maintenance  service 
required. 

The  supervisor  schedules  operator  maintenance  duties  which  are  selec- 
ted from  the  master  chart.  Each  operator,  while  on  duty,  must  perform  the 
outlined  job  and  enter  his  progress  in  the  daily  log. 

A  good  log  will  help  the  operator  locate  troubles  rapidly.  A  typical 
log  sheet  has  spaces  for  all  important  entries  and  a  carefully  kept  log  will 
help  make  troubleshooting  easier.  6'M 
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i  hai  uinu  the  I  n  it 

The  manufacturer  usually  ships  the  refrigerant  in  large  metal  drums.    These  drums 
w,.,h  approximated  200  pounds.    At  temperatures  above  74.  8"F.  <the  drum  will  be 
under  pressure.    To  prevent  loss  of  refrigerant  or  injury,  never  open  the  drums  to 
atmosphere  when  above  this  temperature.    It  is  possible  to  charge  refrigerant  from  an 
open  drum  :it  60"F  kempvi  ature.  although  it  is  recommended  that  leak-tight  connections 
he  made  to  the  ehargum  valve.    The  chargmg  valve  is  located  on  the  side  of  the  cooler. 
To  help  in  the  charging  procedure,  each  refrigerant  drum  has  a  special  type  of  plug 
installed  0,1 'the  side  of  the  drum.    This  plug  is  specifically  engineered  for  charging 
purposes     The  chargu-  connection  on  the  drum  consists  of  a  two-incti  plug  in  which 
,s  uiserted  a  smaller  3  4  inch  ph  g.    The  3/4  inch  opening  inside  the  drum  is  covered 
with  a  friction  cap.    The  cap  prevents  leakage  into  or  out  of  the  drum  when  he  3  4  inch 
pUm  is  unscrewed.    T«>  "harue  the  machine  with  refrigerant,  proceed  as  follows. 

1.  The  machine  must  be  under  a  vacuum. 

2.  Install  a  3  4*uu  h  nipple  into  the  standard  globe  valve  and  close  the  valve. 

3.  Remove  the  3  4  inch  plup  uiserted  in  the  two-inch  plug  from  the  drum. 

Pi  ice  the  valve  with  the  nipple  into  the  opening,  making  sure  that  it  is  far 
en- High  m  to  push  off  the  cap  inside  the  drum. 

Place  the  drum  in  a  horizontal  position  near  the  cooler  charging  valve  with  the 
use  of  a  hoist.     The  drum  should  be  high  enough  to  allow  the  refrigerant  to 
flow  as  a  liquid,  by  gravity,  from  the  drum  to  the  charging  line.   Potate  the 
drum  so  that  tne  valve  is  at  the  bottom. 

Connect  the  tw«.  valves  (drum  and  cooler)  with  a  copper  tube  and  fittings  making 
sure  all  the  1  Mints  are  leakproof. 

Open  both  valves  and  allow  the  refrigerant  to  flow  into  the  cooler.  Operate  the 
machine  to  maintain  a  vacuum  after  the  initial  reduction  to  zero. 


.3      When  the  drum  is  emotv,  close  the  valve  on  the  cooler  and  disconnect  the  drum. 
Remove  the  valve-tor  use  with  the  next  drum.   Complete  charging  of  the  machine 
requires  650  pounds  of  P-ll. 

ADDING  REFRIGERANT  TO  MAINTAIN  A  STANDARD  LEVEL.    When  adding 
refrigerant  us*  the  same  procedures  as  explained  above.   Another  method  that  car. 
be  used  to  add  refrigerant  is  to  simply  allow  the  refrigerant  to  be  drawn  in  as  a  gas. 
Th.s  can  be  done  by  letting  the  drum  rest  on  the  floor  and  letting  the  gas  escape  into 
the  <  .x)ler  while  the  machine  is  in  operation  or  idle. 


49 


6>V, 

ERIC 


Removing  Refrigerant  Charge  v  , 

In  removing  refrigerant  from  the  cooler,  the  following  procedure  is  recommended. 

1.  Inject  air  into  the  machine  until  a  pressure  of  two  to  five  pounds  ua^c  is 
reached  by  yse  of  the  purgr*  recovery  unit. 

2.  Connect  tubing -to  the  charging  valve  on  the  cooler  and  allow  the  refrigerant 

to  discharge  unto  the  refrigerant  drum. 

»  •> 

3.  Less  loss  of  refrigerant  wtyl  take  place  if  thfe  refrigerant  is  cold.  Always 
allow  spacfc  in  the  drum  for,  refrigerant  expansion. 

Oil  Replacement  / 

1.    Gage-pressure  in  the  machine  should  run  approximately  1  psig. 

2/   Drain  oil  from  the  bottom  of  the  main  oil  reservoir  cover. 

3.  Remove  the  main  oil  reservoir  cover  and  clean  the  chamber  to  remove  all 
impurities. 

4.  1  Replace  the  main  oil  reservoir  cover. 

5.  Remove  access  bearing  cover  plate, 

6.  Lift  up  the  shaft  bearing  caps  by  reaching  through  the  bearing  access  hole 
%        and  removing  the  two  large  capscrews. 

7.  Fill  the  bearing  approximately  3/4  of  the  full  charge  allowing  the  excess  oil 

to  flow  into  the  main  oil  reservoir.  *  * 

* 

4J,    Replace  the  bearing  cap  and  secure  with  capscrews* 
« 

9.    Remove  the  brass  plug  from  the  thrust  housing  and  remove  the  strainer;  clean 
and  replace. 

10*    Replace  the  plug  and  secure. 

11.  Drain  oil  through  the  plug  in  back  of  the  seal  oil  reservoir. 

12.  Remove  the  cover  from  the  seal  oil  reservoir. 

13.  Remove  filter  from  left  hand  chamber,  discard,  and  replace  with  new  filter. 

14.  Refill  the  reservoir  with  new  oil. 

15.  Replace  the  cover  and  secure  nuts  evenly  and  tightly. 

16.  Drain  the  oil  through  the  phig  at  the  bottom  of  the  oil  reservoir  that  is  vented 
to  the  atmosphere. 

17.  Remove  the  oil  fitting  plug  in  the  atmospheric  oil  reservoir  and  pour  fresh 
oil  until  the  level  is  halfway  in  the  atmospheric  float  chamber  sight  glass. 

*     18.    Replace  the  plug  and  secure  handtight. 

19.  Operate  the  purge  unit  to  remove  as  much  air  as  possible  before  starting  the 
machine. 

20.  Add  oil  to  the  atmospheric  float  chamber,  if  mam  oil  reservoir  indicates 
undercharge  after  a  short  period  of  operation. 


MAINTENANCE  CHECKLIST 


The  following  checklist  should  be  ueecrin  inspecting  the  many  compon- 
ents of  the  centrifugal  machine.  Maintenance  problems  will  tair greatly  re- 
duced py  using  the  following  schedule.  This4  scheduled  ts  outlined  in  AFM 

85-18. 


COMPRESSOR 

1.  Review  operating  log 

2.  Complete  oil  change 

3.  Check  oil  filter  pressure  drop 

4.  Renew  seal  oil  filter 

5.  Clean  thrust  oil  strainer 

6.  Check  oil  pump  drive 

7.  Check  oil  heater  and  flow  switch 

8.  Oil  level  in  pump  chamber 

9.  Oil  level  atmospheric  chamber 

10.  Oil  level  seal  oil  reservoir 

11.  Oil  pressure  seal  chamber 

12.  Oil  pressure  back  of  seal 

13.  S  na  it  bea  ring  te  mpe  ratu  res 

14.  Inspect  seal 


Inspection  Interval 


& 


XI 


O 

2 


i 

S 


o 

A 


CO 
M 
u 

1 


x 

X 
X 


X 

X 
X 
X 
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15.  Shaft  bearing  clearances 

16.  Shaft  labyrinth  clearances 

17.  Thrust  bearing 

18.  Oil  cooler  -  water  I4ak 

19.  Oil  safety  cutout  -  in\ 

20.  High  pressure  safety  cutout 

21.  Water  to  seal  water  jacket 

22.  Water  to  oil  cooler 

23.  Seal  opening  clearance 
NOTE: 

1 .  Perform  inspections  and  tests  as 
found  necessary 

2.  As  often  as  required. 

3.  Add  oil  when  idle. 

COOLER 

1.  Review  operating  logs 

2.  Refrigerant  level  -  machine  idle 

3.  Refrigerant  temperature  -  machine 
running 

4.  Check  for  fouled  tubes 

5.  Refrigerant  contamination 
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6.  Low  temperature  refrigerant  cutout 

< 

7.  Low  water  temperature  cutout 

8.  Condition  of  insulation 

9.  Leak  test  -  low  side 

10..  Seal  on  suction  damper  , 

11.  Rupture  valve 

CONDENSER 

1.  Review  operating  logs 

2.  Check  for  fouled  tubes 

3.  Leak  test  high  side 

4 .  Check  for  air  and  noncondensable  gases 
PURGE  RECOVERY  UNIT 

1.  Compressor  oil  change 

2.  Oil  level  ' 

3.  Refrigerant  level  in  separation  chamber 

4.  Pressurestat  cutout 

5.  Relief  valve  setting 

6.  Regulating  valve  operation 

7.  Suction  -  discharge  pressure 
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8.  Water  Collection 

9.  Excessive  purging 

10.  Motor  lubrication  -  cleanliness 

11.  Belts- condition-alignment 

12.  Compressor  efficiency 

13.  Clean  condenser 

■ 

14.  Oil  separator  float 

15.  Pressure  test 
NOTE: 

1.  Perform  Inspections  and  tests  as  found 
necessary. 

2.  As  often  as  required. 
3    Add  oil  when  idle. 

GEAR 

1.  Oil  level 

2.  Oil  pressure 

3.  Clean  oil  strainer 

4.  Condition  of  teeth  and  bearings 

5.  Operating  temperature 

6.  Water  to  oil  cooler  g  j  n 

7.  Change  oil 


o 
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Inspection  Interval 


pc 

X 


t 
* 


X 
X 


X 
X 
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COUPLINGS 

'? 

1.  .  Check  lubrication 

2.  Clean  -jrenew  lubricant 

3 .  Check  alignment  and  wear 

f 

MOTOR  -CONTROLLER 
*1.    Bearing  oil  level 

Collector  rings  and  brushes 

^don^i 
Bearing  oil  change 


2. 

3 .  Bearin^don^ition 


4. 


5.    Condition  of  contacts 


NOTE:  ^        t  . 

1.  Perform  inspections  and  tests  as  founa 

necessary 

2.  As  often  as  required. 

3.  Add  oil  when  idle. 
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TROUBLE  DIAGNOSIS  CHART 

The  steps  to  be  taken  in  detecting  and  correcting  operation  of  the  ch- 
trifugal  machine  are  outlined  in  the  following  trouble  diagnosis  chart.  'Jse 
the  proper  methods  for  making  these  service  adjustments,  repairs,  an<; 
corrections  as  outlined  in  this  chapter.  V 

All  settings,  clearances,  and  adjustments  must  be^made  to  the  manu- 
facturer's specifications.  The  manufacturer's  maintenance  ^catalog  gives 
definite  clearances,  temperatures,  pressures,  and  positions  Jot  adjustment 
of  component  parts.  These  tolerances  must  be  set  as  recommended  foi  effi 
cient  operation;  carelessness  in  these  settings  can  cause 'extensive  damage 
to  the  machine. 


TROUBLE 

High  head 
pressure 


Loss 


PROBABLE  CAUSE 


Low  on  condenser  water 


REMEDY 


Sealed  and  dirty  condenser 
tubes 

Division  plate  rupture 

Air  in  condenser.  (Check 
differences  between  leaving 
water  temperature  and  conden- 
sing temperature 


Check  condenser  w;  ter 
pump  for  proper  op  ra- 
tion. 

Inspect  and  clean  con- 
denser tubes.  * 


Remove  air  from  lines 


operate  purge  unit 
and  repair  leak. 


Condenser  float  valve  in  econo 
tnizer  stuck  closed 


•.'ondenser  not  tian.»>l'errins 
enough  heat 


':!v     \    .tot  teas  l->pa:..-    vi.lve  jpe* 


•jriuiuai  contaminate  .  ot  r* 
trigerant  bv  oil 


und 


-Adjust  float,  examine 
valve  seat,  and  elimi- 
nate cause  of  sucking 


"lie*  k  items  listed  in 
hi.:h  condenser  pretr-.ure 

.".  .  -  •  va  i  ve . 
fat    »<•♦•  rofrigt  rant 


o 


Trouble 


Compressor 
surges 


Refrigerant 
(B-ll)  too  low 


Cpnipressor 
second  stage 
frosts 


Probable  Cause 


Sudden  increase  in  difference 
between  refrigerant  and  water 
temperature 

Gradual  increase  in  water  and 
refrigerant  temperature 


Load  too  light 


Air  leak 


Remedy 


Low-back  of  seal 
pressure  with  * 
high  seal  pres  - 
sure 


Compressor 
bearing  too 
high 


High  condenser  pressure 


Charge  lost  or  trapped  in  con- 
denser or  economizer  by 
sticking  floats 

Purine  unit  leaking 

Evaporator  float  valve  stuck 
closed  in  economizer. 

Light  lotad  with  cold  condenser 


Suction  damper  closure  causes 
circulation  of  condensate  from 
economizer 

Dirty  filter  « 


FUter  cartridge  improperly 
installed 

Insufficient  flow  of  pooling 
water  throughout  oil  cooler 

Excessive  dilution  of  oil  by  the 
refrigerant  upon  start  up  or 
electric  oil  heater  off  during 
shut  down 
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Check  division  plates  and 
gaskets  in  cooler  water 
box  for  breakage. 

Clean  cooler  tubes:  re- 
move excess  oil  from  re- 
frigerant check  division 
plates  and  gaskets. 

Open  hot  gas  by- pass 

Run  purge  unit  and  repair 
leak 


Check  items  listed  in 
"high  head  pressure" 

Find  leak,  check  floats, 
add  refrigerant  after  de- 
termining cause  of  leak. 

Check  relief  valve. 
Check  flpat  operation. 

Decrease  flow  of  conden- 
ser water. 

Readjust  suction  damper 
controls  to  give  greater 
opening  of  damper. 

4 

» 

Remove,  Inspect  and 
clean  filter 

Check  installation  of  fil- 
ter and  replace  correctly. 

Open  throttling  cock  to  oil 
cooler/ 

Operate  electric  oil  heater 
during  strait  down 
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/ 

Probable  Cause, 

Remedy 

Compressor 
bearing  too 

•high 

Temperature.  In  pump  chamber 
above  150°F  when  compressor 
is  started 

• 

Turn  on  cooling  water 
sooner. on  starting,  check 
for  clogged  cooling  coiL 
Check  and  clean. 

< 

\ 

Thrust  or  shaft  bearing  scored 

Check  bearing  and  shaft 
end  clearance. 

%      Gear  overheated 

High  oil  level 

Drain  excess  oil. 

Dirty  cooler 

Clean  cooler  tubes. 

# 

Low  cooling  water  flow 

Increase  cooling  water 
flow. 

SUMMARY 

Direct  expansion  refrigeration  systems  pump  refrigerant  directly 
through  the  cooling  coil,  whereas  indirect  systems  pump  chill  water  or  brine 
through  the  cooling  coil.    Indirect  refrigeration  may  be  either  of  the  centri- 
iugal  or  reciprocating  type. 

The  graphic  control  panels  are  a  schematic  of  the  3y stems  they  monitor. 
Instruments  and  controls  are  located  throughout  the  schematic  Which  monitor 
and  control  the  different  systems.   Individual  units  may  be  manually  oper- 
ated by  an  operator  at  the  control  panel. 

There  are  several  companies  that  manufacture  the  centrifugal  machine. 
Except  for  a  few  engineering  differences,  these  machines  are  the  same. 
When  in  doubt  about  any  maintenance  or  operational  procedure,  refer  to  the 
manufacturer's  manuals  or  handbooks  for  specific  information.  ^ 

r 

An  itemized  check  list  and  operational  log  must  be  used  and  maintained 
by  the  operator  on  duty.   Careful  inspections  will  help  in  correcting  malfunc- 
tions and  give  the  machine  long  life  and  efficient  operation, 
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QUESTONS  FOR  STUDY  GUIDE 
BLOCK  V1U  WK  3 


6 


1 .  Am quipment  cooling  svstem  using  a  secondary  refrigerant  is  called  what? 

2.  What  will  aid  ui  soaluig  a  condensate  pan  from  rust  and  corrosion0 

3.  -  What  tvpe  brush  should  be  used  to  clean  tubes  in  the  condenser  and  cooler ° 

4.  What  is  used  to  lubricate  the  dnim  control  points ? 

5  What  type  oil  is  used  in  the  centrifugal  compressor ° 

'6.  What  assures  oil  to  the*  shaft  bearings  during  startup? 

7.  How  often  should  the  oil  he  changed  in  the  compressor0 

8.  What  is  the  purpose  of  the  baffle  in  the  condenser?  A 

9.  What  is  the  maximum  RPM  of  the  drive  motor? 

t 

10.  What  type  coupling  are  generally  used  on  the  centrifugal  type  units0 

11.  What  is  the  primary  purpose  of  the  purge  unit? 

12.  What  is  the  purpose  of  the  pressure  reducing  valve  on  the  purge  unit0 

13.  The  pressure  reducing  valve  and  the  automatic  relief  valve  are  set  according  to 
what  temperature  ° 

14  What  should  be  none  if  the  water  collection  is  as  much  as  one-half  pint  per  day0 

15.  Does  the  purge  unit  use  the  same  tvpe  oil  as  the  centrifugal0 

16.  Where  does  the  flash  gas  from  the  economizer  enter  the  compressor0 

17.  What  safety  control  is  bypassed  during  startup0 

18.  What  is  the  most  efficient  means  of  capacity  control  on  the  centrifugal  machine0 

19.  During  shutdown,  what  should  be  done  to  maintain  the  unit  below  atmospheric 
pressure0 

* 

20.  A  maintenance  schedule  for  the  centrifugal  unit  is  found  in  what  Air  Force 
publication  0 

21.  The  air  handler  supplies  an  airflow  of  approximately  what  CFM° 

22.  What  is  the  approximate  pressure  between  the  condenser  and  evaporator  economizer 
iloat  chambers  5 
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23.     What  is  the  function  of  the  eliminators  In  the  evaporator? 

U.     The  high  pressure  output  on  the  centrifugal  compressor  is  set  for  what  PSI? 

25.  The  brine  solution  is  approximately  what  temperature? 

26.  The  air  leaving  the  preconditioner  should  be  what  temperature  and  humidity'1 
The  component  of  the  purge  unit  that  separates  water  from  the  refrigerant  is 


27 


29 
30 


the 


28'    whLTe*m^e^urt?th<!  preConditioner  Prevents  outside  air  from  entering  below 
Which  safety  control  must  be  manually  opened? 

^rc^t^run'er?^10"'  *  temp°rary  COnnectlon  13  m***  on  the  purge  unit  between 

31.  What  is  the  range  of  operation  of  the  suction  damper? 

32.  What  is  the  purpose  of  the  vent  valve  on  the  s*al  chamber  reservoir? 

33.  What  does  a  flicker  on  the  back  of  seal  oil  pressure  gage  indicate? 

34.  What  position  does  the  drum  control  interlock  assume  at  speed  1  and  higher^ 
References 

1.  AFM  85-18,  Maintenance  and  Operation  of  Refrigeration,  Air  Conditioning 
and  Evaporative  Cooling,  and  Mechanical  Ventilating  Systems. 

2.  Textbook,  Air  Conditioning,  Delmar. 

3.  Textbook,  Modern  Refrigeration  and  Air  Conditioning,  Althouse  Turnouist 
and  Bracciano.  ' 
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PURPOSE  OF  STUOY  GUIDES,  WORKBOOKS,  PROGRA>f€D  TEXTS  AND  HANDOUTS 

Stu4y  Guides,  Workbooks,  Prooraamed  Ttxts  and  Handouts  arc  training 
publication*  authorized  by  A1r  Training  Command  (ATC)  for  student  ust  in 
ATC  counts. 

The  STUDY  GUIDE  (SG)  presents  the  Information  you  need  to  complete 
the  unit  of  Instruction,  or  makes  assignments  for  you  to  read  1n  other 
publications  which  contain  the  required  Information. 

The  WORKBOOK  (W8)  contains  work  procedures  designed  to  help  you 
achieve  the  learning  objectives  of  the  unit  of  Instruction.  Knowledge 
acquired  from  using  the  study  guide  will  help  you  perform  the  missions 
or  exercises,  solve  the  problems,  or  answer  questions  presented  1n  the 
workbook . 

The  STUOY  GUIDE  AND  WORKBOOK  (SW)  contains  both  SG  and  WB  material 
under  one  cover.    The  two  training  publications  are  combined  when  the  WB 
1s«ot  designed  for  you  to  write  1n,  or  when  both  SG  and  WB  are  Issued 
for  you  to  keep. 

The  PROGRAMED  TEXT  (PT)  presents  Information  1n  planned  steps  with 
provisions  for  you  to  actively  respond  to  each  step.    You  are  given 
Immediate  knowledge  of  the  correctness  of  each  response.    PTs  may  either 
replace  or  augment  SGs  and  W6s. 

The  HANDOUT  (HO)  contains  supplementary  training  materials  in  the 
form  of  flow  charts,  block  diagrams,  printouts,  case  problems,  tables, 
forms,  charts,  and  similar  materials. 

Training  publications  are  designed  for  ATC  course  use  only.  They 

are  updated  as  necessary  for  training  purposes,  but  are  NOT  to  be  used 

cn  the  job  as  authoritative  references  1n  preference  to  Technical  Orders 
or*  other  official  publications. 
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LSIM,  PSYCHROMETR1C  CHART  TO  DETERMINE 
THE  PROPERTIES  OF  MIXED  AIR 

OaiECTIVE 

When  vou  have  completed  this  worKbook,  you  will  be  able  to  determine  the  proper- 
ties of  an  air  mixture  within  [1)2°'  accuracy. 

PROCEDURES 

l  sin<  the  digram  below  and  psychrometric  chart  provided  by  the  instructor,  plot 
the  •  ondmons  of  this  svstem  and  answer  the  questions. 


a. 


(1. 


4 

\ 


)2°DB     89  %RH 


75^08  59%RH 
COOLED  SPACE 


UPPLY 
AIR  (SA) 


1 


75*06 


EXHAUST  AIR  IEA) 


RETURN  AH 
IRA) 


COOLING  COIL 


I 


14IXBQ  AIR     2, 000  CFM    OUTSIQE  AIR 
J  (MA)       9g*0a  75  WB  [OA) 


Ethylene  glycol) 


Figure  1.     Mixed  Air  System 
How  many  grains  of  moisture  were  removed  from  the  mixed  air? 
Cxplaui  why  the  relative  humidity  increased  AFTER  it  was  cooled? 
By  adding  the  outside  air  to  the  return  rfr,  grains  of  moisture  increased 

 QM. 

Under  coil  conditions,  how  much  heat  was  removed? 
Return  air  CFM  is   _j 


62o 


6/0 


f*     The  room  load  is  tons  and  the  coil  load  is  tons. 

g.  What  is  the  percent  of  outside  air? 

h.  What  is  the  apparatus  dewpoinCof  this  systerti? 

u     Supply  air  is  also  known  as  air  the  coil,  and  return  air  is  knowry 

as  air  the  coil. 

j.     How  much  does  one  cubic  foot  of  supply  air  weigh0  % 


/ 
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OPERATION  AND  MAINTENANCE  OF  FRESH  AIR 
AND  RECIRCULATING  AIR  SYSTEMS 


OIUECTIVF. 


When  vou  have  correctlv  answered  all  the  questions  in  this  workbook,  you  will  be 
able  to  identify  major  components  of  the  fresh  air  and  recirculating  air  systems,  their 

purpose,  and  maintenance  procedures. 

PROCEDURES 

I  sm_  the  study  i^tde  and  instructions  given  to  you  by  your  instructor,  research 

,ii  i  answer  the  folio  wine  questions. 

I .     A»r  Handlers. 

\.     l*urpose   ■ 


What  checks  should  be  made  after  it  has  been  installed'' 
I '  ,  

I )    

35   


A'hv  should  tin  se  checks  t>e  made? 


2.  Fan. 

a.  Purpose 


h,     Tvftes  •>!  Blower 


Tvpes  of  Blfw»  r  Drive 


3      Cooling  Coil. 

a.  Purpose 

b.  Types 

m  

■2) 


6  ?  o 
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4.     Preheat  and  Reheat  Coils, 
a.  Purpose  


c.    Why  at  this  point  in  the  system? 


d.    List  the  functions  of  the  reheat  coil. 


5,  Filters. 

a.     List  the  types  of  filters  that  can  be  used. 

(1)  

(2)  

(2) 


6.    Air  Wash, 
a.  Purpose 


7.  Dampers. 

a.  Purpose 

b.  Types 


8.     Two  main  points  to  consider  in  maintenance  of  air  handlers  are 


b. 


4      V  .  i 
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b.    Where  would  the  preheat  coil  be  located  in  the  air  handler? 


e.    Where  would  the  reheat  coll  be  located  in  the  air  handler'' 
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9,     List  the  items  to  be  inspected  on  the  air  handler* 


f. 


10.  Belts. 


a.     Why  should  belts  be  inspected  after  3  months  or  every  1,000  hours  of 

operation* 

V 

h.    Lift  the  steps  m  removing  and  replacing  multiple  belts. 

1 1 )  . 

(2)  

(3)  

■A)  

1 5) 


c.     Improper  belt  tension  will  cause 

*n  

1 2)  

<3)  

.4)  

!5)  


Go 


b/<f 


11.     List  the  procedures  in  lubricating  motor  bearings, 

a.  ^  

b.  

c.   

d.  


ERIC 


WB  3ABK54530-VU1-9-P3 
April  1975 

OPERATION.  MAINTENANCE  AND  FLOW  OF  SECONDARY  REFRIGERANTS 
OBJECTIVE 

Usinu  the  worklx  ik  and  100  ton  trainer,    -ratify  operation  and  maintenance  pro- 
cedures and  trace  flow  of  liquid  circulating  unita  through  the  system  with  no  errors. 

Part  1 

1'ROCEDl'RES 

!  sum  the  diagram,  colored  pencils  and  instructions  from  \our  instructor,  perform 
tin  t.illDWtni;  tasks  using  J\e  color  c«-des  listed  below  and  then  answer  the  questions 
tr<>m  information  provided  in  the  stud\  LOJide. 

}.     Start  at  the  >utlet  of  the  condenser  and  trace  the  flow  of  condenser  water  through 
the  system. 

3.     Start  at  the  outlet  of  the  evaporator  and  trace  the  flow  of  chilled  water  through  the 

vsteiu. 

3.     Start  at  the  evaporator  «»i  the  or  me  chiller  and  trace  the  flow  of  brine  through  the 
svstem. 

COLOR  CODES 

1.  Condenser  water  =  light  creen 

2.  Chilled  water    dark  blut 

3.  Brine  =  dark  ureen 

Q\  EST  IONS 

I.     What  are  the  liquid  circulating  units  in  the  centrifugal  system  that  are  considered 
to  be  closed  circuits'1  


:.     What   iquid  circulating  unit  in  the  centrifugal  system  is  considered  to  be  an  open 

c  ircu  it  °  ^ ___„^  

3.     Whv  must  the  brine  coils  be  downstream  from  the  chilled  water  coils0 
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CHILL  *AUH  I  VAPOAAfO* 


MINI  tONOtWt* 


"2 


amis*  Pvjyr 


BHlWt  (.OH  LMIU 

KfAItH  COH 

Fi^cure  2       Liquid  Flow  System 


fin-. 


4.    Where  does  chilled  water  enter  the  centrifugal  evaporator''  


Whv°    

5.    In  the  test  cabinet  as  outlined  in  figure  2,    what  la  the  purpose  of  the  chilled  water0 


»>.    At  what  point  in  the  centrifugal  unit  condenser,  must  condenser  water  enter  first ? 

 ____    ■   

7.     Describe  in  your  own  words  the  flow  of  liquid  and  gas  refrigerant  through  the 

■entrifugal  machine.   -  —  


What  is  the  purpose  of  brine  in  the  centrifugal  system? 


Checked  by 

(Instructor) 

Part  2 

PROCEDURES 

Using  the  studv  ^ruide.  research  and  answer  following  questions. 
1,     Maintenance  of  secondary  refrigerant  systems. 

a.    Check  and  brush  cooler  tubes  at  least   , 


b. 


Check  difference  between   chilled  temperature  and 

temperature.  / 


c.  Cleaning  of  tubes  is  required  when 

d.  Check  refrigerant  level  at  least  


9 
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Maintenance  procedures  for  cooler  tube  cleaning, 

a.  Shut  off  the  and  valves 

b.  Drain  wmter  from  the  cooler  through  the  

c.  Remove  all  nuts  from  the  water  box  covers  leaving  


d.  Using  provided,  force  the  covers  away  from 
the  flanges. 

e.  Why  must  all  gasket  material  be  removed  at  this  time0 


f.  Remove  the  water  box  division  plate  at  this  time.    If  it  is  rusted  in  place, 
use  .  

g.  Caution  must  be  used  because  the  division  plate  is>  rpade  of 

h.  What  type  of  brush  is  recommended  for  scrubbing  the  tubes0 
u    Why  must  this  cleaning  be  done  as  quickly  as  possible0 
j.    Replace  the  division  plate  after  



k.    Applying  graphite  to  both  sides  of  the  water  box  cover  gasket  does  what  > 


I.    What  is  the  caution  that  must  be  observed  at  this  time0 
m.     Why  must  all  bolts  be  tightened  evenly? 

a ,    C  lose  and  v  a  1  v  e  s . 

o.    How  can  the  system  be  checked  for  leaktight  joints0 
Repair  of  cooler. 

No  repair  other  than  retubing  is  normally  done  and  this  requires  a  high  decree 
of  skill  and  will  normally  be  done  by  contract. 
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{DENTIFIC  ATON  AND  FUNCTION  OF  MAJOF  COMPONENTS 
OF  CENTRIFUGAL  REFRIGERATDN  MACHINE 

0  INFECTIVE 

Usui*  centrifugal  refrigeration  machine  trainer  and  Study  Guide  3AHR54530- VIU-9. 

1  <  vte  the  following  components  and  answer  questions  explaining  their  functions  with 

:>.  .  more  than  two  (2)  errors. 


.  ROC EDI  RES 


L-i-ate  the  i  Mi-winc  components  on  the  machine  and  expla ji  their  function. 
!)i  u::.  J  >ntr  UUt 


What  position  must  the  drum  controller  be  in  at  the  start  of  the  u 

Whv  '  ____  

Mot  >r 


Amperace 
Phase 


Horsepower 
Speed  lncr**^ser 
a.  Purpose 


h      Gear  Speed 


r ,     Pinion  Speed 
4 ,  Compressor 
.i.  Tvpe  


Number  of  Stages 
Purpose  _____ 


o 
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fad 


5.  Condenser 


a.  Purpose  

b.  inlet  location 


t  Water  temperature 


Outlet  location 


,  Water  temperature 


d.  Condenser  temperature 
Economizer 


a. 

b, 
c . 
J, 


Purpose 


Upper  chamber  pressure  (approx.  ) 


Lower  chamber  pressure  (approx. ) 


How  is  the  lower  chamber  pressure  obtained 


F. 
F. 


psi. 


Evaporator 
a.  Purpose 


b.     inlet  location 


c.     Outlet  location  

1.     Refrigerant  temperature 

e.     Refrigerant  level   

Suction  Damper 

a.  Purpose   


b.     What  type  is  on  this  unit' 


Water  temperature 


Water  temperature 


How  is  the  damper  controlled? 


the  full  movement  of  the  darner 


F. 
F. 
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Air  Handler 

a.  Purpose   _ 

b.  What  is  the  purpose  of  the  air  wash  system9 


12 
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TRACING  FLOW  OF  PRIMARY  REFRIGERANT 

OBJECTIVE 

When  vou  have  completed  this  workbook  on  the  primary  refrigerant  system  of  the 
centrifugal'  a»r- conditioning  machine,  you  will  be  able  to  correctly  trace  the  flow  (cycle) 
through  the  system. 

PROCEDURES 

!      Refer  to  figure  20.  page  39,  of  study  guide  3ABR54530-VIII-9 ,  and  color  with  a 
light  green  pencil  the  condenser  water  circuit  and  indicate,  with  arrows,  the 
condenser  water  inlet  and  condenser  water  outlet, 

2.  With  a  lead  pencil,  darken  the  chilled  water  circuit,  and  indicate,  with  arrows, 
the  chilled  water  inlet  and  chilled  water  outlet.  f 

3.  V.  ith  a  red  pencil,  color  in  the  high-pressure  refrigerant  gas  and  liquid. 

4.  With  a  blue  pencil,  color  m  the  low-pressure  refrigerant  gas  and  liquid. 
".     Using  arrows,  md-cate  the  direction  of  refrigerant  flow. 
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OPERATING  PRINCIPLES  OF  PURGE  RECOVERY  UNIT 

OBJECTIVE 

When  yew  have  completed  this  workbook  with  no  more  than  four  i4)  errors,  you 
will  be  able  to  identify  major  components,  their  functions  and  how  they  affect  the 
*  operation  of  the  Purge  Recovery  Unit  used  on  the  centrifugal  air-conditionuig  machine. 

PROCEDURES 

Refer  to  the  illustration  provided  and  enter  the  components  and  their  purposes  bv 
the  corresponding  numbers  and  then  answer  the  questions  following  the  illustration. 


NO. 

NAME 

PURPOSE 

1. 

2. 

3. 

4. 

5. 

i 

n  ! 

A, 

1 

0  .  i 

10,  ! 

11.  1 

1 

— — i  1 

i3.  i 

14. 

15. 

1G. 

ERIC 


NO. 

NAME 

PURPOSE 

17. 

-  • 

18. 

19. 

:>n 

 «  —  .— 

_  —4  1  —  '  

21.  » 

 ^  » 

 ^SJ  —  — 1 

24. 

25. 

 —  —  

2*. 

27. 

23. 

■  ^  

* 
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Figure  3,     Purge  Recovery  Unu 
16 


i  are  th«-  nom  nndensables  that  the>urge  unU  "~st  remove  fr0m  **"  condcnser'' 


1  Wha 


2.     How  is  the  refrigerant  returned  to  tfte  cooler'' 


^.     What  causes  the  refrigerant  to  condense  once  it  is  if.  the  purge  unif 


4      How  <toes  the  sepa 


ihe  separation  chamber  separate  the  refrigerant,  air.  and  water  > 


Checked  by  ;  

(Instructor) 
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SERVICING  CENTRIFUGAL  COMPRESSOR  LUBRICATION  SYSTEM 
OBJECTIVE 

Upon  completion  of  this  workbook  on  the  cent;  fugal  air- conditioning  machine 
compressor  lubricating  system,  you  will  be  able  to 

•  Identify  major  components  and  their  purpose. 

•  Trace  the  oil  flow  through  the  unit. 

•  Identify  required  servicing  procedures. 

You  are  allowed  no  more  than  two  (2^  errors  for  each  pan  of  this  workbook. 

Part  1 

PROCEDURES  FOR  MAJOR  COMPONENTS  AND  PURPOSES  OF  EACH 

Refer  to  figure  4  ,  locate  the  units  shown  and  enter  the  components  and  the-ir . 
purposes  by  the  corresponding  number  in  the  following  chart 


NAME 

PUP  POST 

1. 

2. 

3. 

4. 

V 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12.  i 

O  18 
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NO 

NAME 

rU  It  rvOL 

13. 

14. 

 — 

15. 

Hi. 

1 

--   -*~  ■  1      ■■  —  

17,  1 



  f  

I 

I  ^  ■  '  

20. 

i 

Part  2 

PROCEDURES  FOR  FLjOWOFOIL  THROUGH  THE  L  NIT 

!  ,,n;  a  pencil. dru*  a-ws  nn  Injure  4  to  indicate  the  (low   i  oil  through  the 

lui'i" '.<  Hti sv s:em. 

p.trt  3 

l-IKX'EDtHES  FOR  SERVICING  OF  THE  LUBRICATION  SYSTEM 

(  sun!  studv  Guidt  3ABR5453O-VI1I-0.  .research  and  answer  the  following  questions, 

;.     tiauvre  pressure  .  n  in*  machine  should  read  approximately   PSIG, 

1      Dram  oil  from  t!i«   ______  ■  "  — 


3.     Remove  the  main    il  reservoir  cover  and 


4.     Remove  access  l>earing  cover  plate. 

Explain  the  procedures  used  to  remove  the  shait  bearing  caps, 
v     Fill  .he  bearing  approximately  of  the  full  charge  allowing  the  excess 
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(Ml)    0  I V 


Figure  4.     Lubrication  System 

ERIC 


Iti-pl.to-  th«-  Marine  rap  uvl  secure. 

Wh\  must  'ho  strainer  \*  removed  and  cleaned  ' 

Dram  oil  through  the  pluu  in  the    .  — 

10.  Remove  the  cover  from  the  seal  >il  reservoir. 

11.  Remove  the  filter  from  the   — —  

 _  :  K  

\:  R»till  the  reser\  nr  with  new  >n\ 

1  ;.  H*  place  the  .-•nr.-  and  secure  nuts   ^  ■ —   ~ 

14  Dram  the  oil  m  the  atmospheric  oil  reservoir. 

1  Remove  the  „;l  :  ,11  plug  and  pour  ul  into  the  atmospheric  -m1  reservoir  until  the 

u,vH  IS   m  the  atmospheric  float  chamber  sight  glass. 

1'..  Replace  the  pluc  and  tighten  x  . —  

1".  What  is  the  last  step  prior  to  startup'' 

M.  •:  level  is  Imw  after  operating  tor  a  short  time,  where  do  vou  add  oil" 
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C  ENTRIFUGAL  UNIT  SAFETY  CONTROLS 


OBJEC  TIVE 

When  you  have  completed  this  workbook  vou  will  be  able  to  identify  the  safer 
controls,  their  functions  and  how  thev  affect  the  operation  of  the  system.    You  are 
not  allowed  anv  errors. 

Part  1 

PROCEDURES 

Using  Study  Gu;de  3ABR54530- VI1I-9  and  diagram  of  Safety  Control  Circuits  ir. 
the  workbook,  locate  the  safety  controls  shown  and  enter  their  name  bv  the  correspond* 
in  if  number  and  state  if  thev  are  normally  open  or  closed. 

Part  2 

PROCEDURES 

1.     R».  for  to  sicure  r^   of  Lh . 1  workbook  and  list  the  switches  that  must  t  e  closed 

a.     T  i  start  thr  100- ton  cei.-rifugai  unit  


i\     For  continuous  operation  of  the  100-ton  centrifugal  una 


Could  the  chill  water  pump  interlock  prevent  continuous  operation0  Explain 
vour  answer,  i   

2.  Can  t;ie  circuit  breaker  handle  be  closed  if  toe  start  Ixitton      'i  >t    tosed  1 
  Why  

3.  The  Low  refrigerant  temperature  control  is  set  to  cut-out  at  F 

and  set  to  rut* in  at  ^' 

4.  The  low  chilled  water  temperature  control  is  set  to  cut-out  at  F 

and  cut-in  at  ^ -        *  \ 

22 


Explain  how  the  start  Iwtton  works  in  relation  to  the  oil  safety  switch. 


Part  3 

PROCEDURES 

Trace  the  Saietv  I  ^ntrol 

\  >mc  a  red  pencil,  ndtcate  in  !w..;re  5  .  the  star  line  circuit 
I        a  blu-*  pencil,  indicate  in  fn^jre   5.  the  run  circuit.. 
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6 
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Figure!).    Safotv  Control  Circuit 
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*  CHARGING  PROCEDURES  FOR  CENTRIFUGAL  MACHINE 

OBJECTIVE 

■ 

l^ing  Study  Guide  3ABR54530-VUI-9  to  answer  the  following  questions  with  no 
*  errors,  you  will  be  able  to  establish  the  correct  procedures  for  servicing  the  centrif- 
ugal machine  with  refrigerant.  • 

PROCEDURES 

Uninc  Study  Guide 3ABR54530-VIII-9.  answer  the  following  questions: 

1.  A?  what  temperature  will  the  drum  of  refrigerant  11  be  under  pressure? 

2.  Where  is  the  charging  valve  located  on  the  cooler? 

3.  What  pressure  should  the  machine  be  at? 

4*    Install  a  nipple  into  a  '  and    It 

  — i   : 

5.     Remove  the  _piug  inserted  in  the  on  the  drum. 

What  would  happen  if  the  nipple  were  not  long  enough? 
T.     What  position  must  the  drum  be  in  and  why° 

i 

0    What  is  used  to  connect  the  drum  and  the  cooler  ? 

.After  the  pressure  ^oes  above  0  psig,  what  must  be  done  to  lower  the  pressure0 
The  c  omplete  charge  of  refrigerant  is  ;  - 

i 
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PREOPERATIONAL  CHECK  AND  OPERATION 
OF  CENTRIFUGAL  MACHINE 

•  * 

Part  1  •  »  ■ 

r 

OBJECTIVE 

Using  the  centrifugal  trainer,  perform  a  preoperational  check  and  operate  tlie 
centrifugal  trainer  to  the  specifications  outlined  in  Workbook  project  v'llUQ-iO*.  main- 
taining optimum  efficiency  and  performance.  ^ 

PROCEDURES 

The  instructor  will  determine  whether  this  exercise  is  to  be  performed  individually 
or  by  groups.   After  you  have  the  machine jpunning,  answer  the  questions  and  make 
adjustments  as  required, for  optimum  efficiency  and  performance.    Perform  the  shut- 
down as  outlined  in  the  workbook  project  when  your  instructor  so  indicates. 

v 

K    Make  sure  power  is  OFF.  1 

2.  Ch^ck  oil  levels:  *  , 

a.  Compressor 

b.  Motor  - 

c.  Purge  Unit 

d.  Suction  Damper 

e.  Hot  Gas  Bypass 

f.  Speed  lncreaser 

3.  Check  purge  unit  water  level,  refrigerant  level  and  hand  valve  positions. 

a.  Water  drain  valve  -  CLOSED.   (OPEN  ONLY  WHEN  DRAINING)  ff 

b.  Refrigerant  gas  supply  valve  -  OPEN 

c.  Liquid  refrigerant  return  valve  -  OPEN 

4.  Start  purge  unit. 

NoS*E:  this  unit  should  be  started  before  the  centrifugal  machine  is  started  and 
must  run  continuously  while  the  centrifugal  machine  is  running. 

5.  T\jrn  power  ON. 
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Start  the  condenser  water  pump  (Located  on  the  Instructor  s  Panel). 
7     Sun  the  chilled  water  punp  (located  on  the  Instructor  s  Panel). 

H.  Turn  on  alt  auxiliary  unit*  -  fans, boiler*  andthot  water,  pump.   (Located  on  the 
Instructor's  Panel  and  ^ra  )hic  control  panel.  )l 

si.u  tum  Water  Chiller 

I.  St  i  >r.trol«s  chuU  d  water  temperature  45°F:  condenser  water  temperature  85°F. 
i 

1.     P  virion  the  drum    >mroller  lever  to  OFF  position  -  the  full  resistance  position. 
\1ak<>  -utT  *he  hot  -as  hvpass  is  CLOSED. 

\0  I  K    Ciiv*1  thV    »ntprrssor  a  momentary  start  to  chock  rotation, 

■♦.     i><*prf»ss  start  *iuu  >n  >n  circuit  breaker  panel  and  hold:  close  main  circuit  breaker 
U*ver,  *  <Do  not  force  ih^  handle,  but  make  sure  it  is  c  losed  firmly.)  Observe 
me  back-of -seal  oil  pressure  tcauge,  When  back-of-seal  oil  pressure  is  obtained 
ii—  die  flickers),  about, six  psi,  release  the  start  button  and  the  unit  should  stay 
.Mi/he  line. 

NOTE    Do  not  hold  the  start  button  in  longer  than  20  seconds.   Oil  pressure  should 
«■  developed  in  20  seconds;  if  not/" release  start  button  as  the  oil  pump  could  be 
;n     r^tive  or  an  >il  \y\e  mav  be  clogged  and  the  compressor  bearing  will  burn  out. 

5..    Oocn  the  coolinu  water  i»ard  valve  supplying  the  compressor  nl  cooler,  speed 
increase r  and  sc  *l  iacket. 

3 

SO  IE    Openutu,  this  valvo  turns  tin1  oil  heater  in  the  main  oil  reservoir  OrF. 
•\     R.r'ird  the  foil  win-:  ' Alter  about  five  minutes  operation  it  speed  1) 

.t.     Pack-of-s^al  >il  pressure   - 

K     Seal  chamber  >il  pressure   *  

Suction  pressure   . 

t.     Discharge  pressure   ' 

Speed  mcreaser  oil  pressure 
i .     Bearing  temperatures:  Seal  end  F:   Thrust  end  F 
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Operating  Procedures  * 

1.  Increase  speed'to  point  5,  • 

NOTE:  When  increasing  speed,  move  drum  contr*?!  level  rapidly  from  one  pouu 
to  the  next.   Never  operate  the  motor  between  "B"  markings,    rhis  causes  an* 
unbalanced  condition  in  the  rotor  winding.    Let  unit  operate  15  minutes,  after 
changing  speed,  before  taking  readings. 

2.  Let  unit  operate  at  speeds  2  and  3.  and  make  the  following  recordings: 


a. 

Condenser  inlet  temperature 

b. 

* 

Condenser  outlet  temperature 

c. 

Chilled  water  inlet  temperature 

d. 

Chilled  water  outlet  temperature 

e. 

Suction  pressure 

(. 

Discharge  pressure 

g- 

Refrigerant  condensing  temperature 

h. 

Liquid  refrigerant  temperature 

i. 

Purge  unit  suction  pressure 

j. 

Purge  unit  discharge  pressure 

k. 

Amperage  draw 

\ 

Part  2 


NOTE:  Your  insturctor  will  give  you  any  special  insturctions  that  vou  may 
require  to  prevent  damage  to  yourself  and  equipment. 

1.    Centrifugal  machine  operational  controls. 

a.    List  the  controls  that  Operate  the  centrifugal  machine. 
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b.    List  the  controls  that  will  also  regulate  the  cooling  capacity. 


c.    State  the  set  points  and  explain  what  the  automatic  operational  controllers  do. 


d.    How  does  the  drum  controller  reduce  the  cooling  capacity*? 


Chilled  water  svstem  controls. 

a.    Can  the  chilled  water  be  bypassed  around  the  individual  cooling  coils 


ti.    How  is  the  chilled  water  flow  controlled  at  the  cooling  coil 
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c.    The  chilled  water  flow  it  modulated  to  control  what  variable. 


d.    Why  does  the  bypass  valve  open  wider  when  the  cooling  coil  valves  throttle  down 


e.    Why  is  the  bypass  system  needed0 


t.     How  is  the  GPM  thru  the  chiller  detected  and  controlled 


Operational  adjustments. 

a.  Set  condenser  water  controller  at  85°F. 

b.  Set  chilled  water  controller  at  45°F. 

c.  Adjust  compressor  speed  to  match  the  load  requirements. 
NOTE:  Allow  time  for  the  system  to  stabilize  after  each  speed  change. 

d.  Observe  operating  conditions. 


(1)  Condenser  inlet  temp. 

(2)  Condenser  outlet  temp. 
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(3)  Chilled  water  inlet  tomp.  °F. 

i 

(4)  Chilled  water  outlet  temp.  °F. 

(5)  Suction  pressure  P»*  or  Htf- 

(6)  Discharge  pressure  P«i* 

(7)  Refrigerant  condensing  temp.  rtF. 

Q)  Liquid  refrigerant  temp.  °F. 

(9)  Puree  unit  suction   psi  or  H£* 

1 10)  Purge  unit  discharge^   PS1- 

(11)  Amperage  Amps. 

NOTE.  Amperage  should  not  exceed  120  amps, 
e.    Monitor  the  chilled  water  temperature. 

(1)  Check  set  point  and  control  point  (these  temps  should  be  almost  the  same). 

NOTE    The  temperature  difference  between  entering  and  leaving  chilled  water 
that  is  used  by  most  manufacturers  is  iO°F.   The  10°F  TD  provides  the  most 
economical  operation  with  water  chilling  machines. 

(2)  If  the  TD  and  leaving  chilled  water  temperature  are  not  correct.  Adjust- 
ments to  the  controls  may  be  required. 

NOTE.  If  you  think  the  chilled  waterflow  is  not  right,  check  with  the  instructor 
before  making  anv  adjustments. 

* 

Stopping  Procedures 

1.  Depress  stop  button  or  trip  main  circuit  breaker  switch. 

2.  Move  drum  control  lever  to  OFF. 

3.  Close  water  coolant  valve. 

NOTE    Closing  this  valve  turns  on  the  heater  in  the  mam  oil  reservoir,  which 
keeps  refrigerant  gas  from  condensing  into  the  oil  (red  indicator  light). 

4.  Stop  purge  unit. 

t 

5.  Turn  off  condenser  water  pump. 
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6     Turn  off  (.  hilled  water  pump. 
7.    Turn  off  hot  water  pump. 

ri.     Turn  off  all  auxiliaries  on  Instructor's  and  graphic  control  panel. 

\ 


4 
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DIAGNOSE  TROUBLES  IN  THE  CENTRIFUGAL 

SYSTEM 


OBJECTIVE 


.  Without  referrinu  to  Stud.  Guide  3ABRM530-VIII-9.  you  will  be  able  to  list  the 
probable  causes  and  remedies  for  the  following  troubles  on  the  centrifugal  alr-condi- 


ttnninu  machine  from  memorv. 
PROCEDURES 

Answer  the  questions  bel  >\v. 
1 .     Huih  head  pressure 

a.     ProbablWc^  *t 


l\  Remeciv 


2.     Loss  of  capactt\ 
a.     Probable  cause 
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b.  Remedy 


3.  Compressor  surges 

a.  Probable  cause  * 

* 

(  

b.  Remedy 

•  * 

i 

4.  I*  ^ipressor  sevond  stan>*  frost 

a.     Probable  cause  - 


i)  Remedy 


9 
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S»j<'<  il  uurcas<»r  overheated 
a.    Probable  cause  ■ 


Ymr  instructor  will  place  troubles  in  the  centrifugal  machine.  Observe  ft*  unit 
ovation  and  complete  the  following  chart. 


TROt  BI.E 

PROBABLE  CAUSE 

REMEDY 

a. 

b. 

f 

• 

o . 

Checked  by 


(Instructor) 


i. 
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EVAPORATIVE  COOLING  SYSTEMS 

OBJECTIVES 

To  help  you  In  learning  to: 

*  Opt  rata  and  maintain  cooling  equipment. 

*  Locate,  identify,  and  give  the  function  of  the  major  components. 

*  Trace  the  flow  of  air  and  water  through  the  svstem. 
INTRODUCTION  SECTION  I 

EVAPORATIVE  COOLING 

Can  you  recall  your  days  at  the  local  bathing  pool,  or  perhaps  at  the  beach?  If  a 
slight  wind  was  blowing,  you  will  remember  that  you  were  more  comfortable  in  the 
water  than  out  of  it.  When  you  climbed  out  of  the  pool,  the  water  in  your  wet  bathing  suit 
evaporated  rapidly  to  leave  your  skin  chilled  from  the  loss  of  heat.  Though  you  didn't 

give  It  much  thought  at  the  time,  you  were  really  experiencing  evaporative  cooling. 

i 

Applying  the  same  principle,  our  older  surgeons  used  an  ether  spray  to  freeze 
those  portions  of  the  skin  in  which  Incisions  were  to  be  made.  Rapid  evaporation  of 
the  ether  reduced  the  temperature  of  the  skin  and  underlying  flesh  to  the  freezing 
point.  You  can  demonstrate  this  principle  for  yourself  by  wetting  your  hand  with 
alcohol  or  water  and  holding  it  in  the  alrstream  from  a  fan. 


Principle  of  Evaporative  Cooling 

In  an  evaporative  cooler  the  air  is  drawn  through  a  finely  divided  water  spray  or  a 
wet  pad  so  that  a  portion  of  the  water  is  being  continually  evaporated.  The  latent  heat 
of  evaporation,  which  must  be  passed  on  to  the  water  to  evaporate  it,  is  suppled  from 
the  neat  6f  the  incoming  air,  thus  reducing  the  dry -bulb  temperature  of  that  air.  In 
evaporative  cooling  there  Is  always  a  drop  of  the  dry -bulb  temperature,  an  increase  in 
the  relative  humidity  and  dewpoint  temperature,  and  an  -.  -whanged  wet -bulb  temperature. 

The  water,  which  is  recirculated  continually  through  an  evaporative  cooler,  as- 
sumes the  wet  -bulb  temperature  of  the  entering  air  after  a  short  period  of  operation. 
The  recirculated  water  will  remain  at  the  air  wet -bulb  temperature  with  no  external 
heating  or  cooling.  Makeup  water  is  added  to  replace  the  evaporated  water. 

The  temperature  reduction,  which  can  be  made  in  the  air  passed  through  an  evap- 
orative cooler,  depends  entirely  on  the  wet -bulb  temperature  of  the  air  which  is  to  bje 
cooled.  The  wet -bulb  temperature  of  the  air  entering  the  evaporative  cooler  Is  at  the 
lowest  temperstureto  which  the  circulating  air  may  be  cooled.      Since  an  external 
source  of  heat  is  not  used  to  evaporate  the  water,  the  process  of  evaporative  cooling 
is  called  an  adiabatic  process.  (A  process  in  which  heat  does  not  flow  into  or  from  the 
system  of  the  process,  although  thermal  changes  may  occur  within  the  svstem. ) 
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Evaporative  cooling  should  not  be  used  to  cool  air  for  spaces  requiring  constant 
temperature  and  humidity  control,  such  as  hospital  operating  rooms  and  certain  types 
of  highly  technical  electronic  equipment.  Evaporative  cooling  is  best  suited  and  chiefly/ 
usecrfor  cooling  the  space  for  the  comfort  of  personnel.  r  \ 

Application  oJ  Evaporative  Cool.ng 

As  we  have  shown,  evaporative  cooling  depends  on  the  evaporation  of  water:  thus, 
it  can  be  successful  only  under  atmospheric  conditions  of  a -low  relative  humidity.  It 
can  be  used  only  where  the  difference  between  the  outdoor  wet -bulb  and  dry -bulb  tem- 
perature is  relatively  high.  In  the  arid  regions  of  the  southwestern  United  States, 
where  there  is  low  relative  humidity,  properly  installed  and  operated  evaporative  cool- 
ing units  cool  comfortably.   This  type  of  system  brings  in  J 00  percent  outside  air.  It 
may  be  equipped  with  a  humidistat  so  that  when  the  inside  humidity  is  high  and  the  cool- 
er cannot  function  properly  as  an  evaporative  cooler,  the  water  is  cut  off  and  the  unit 
can  operate  as  a  straight  mechanical  ventilating  unit.   Whenever  the  outdoor  wet -bulb 
temperature  is  73°  F  or  lower,  effective  cooling  and  indoor  comfort  can  be  maintained 
by  evaporative  cooling. 

The  leaving  air  temperature  of  an  evaporative  cooler  usually  is  just  short  of  sat- 
uration, that  is.  the  dry*bulb  temperature  of  the  air  leaving  a  cooler  does  not  quite 
reach  the  wet -bulb  temperature  of  the  air  entering  the  cooler.   An  evaporative  cooler 
operating  at  90  percent  efficiency  will  cool  the  air  a  number.  <  (  degrees  equal  to  90 
percent  of  its  original  wet-f  lb  depression.   The  measuii  of  the  approach  to  the  enter  - 
ing wet -bulb  temperature  is  the  saturation  efficiency  of  the  cooler.  Air  entering  at  9r 

.  dry  ->  ulb  and  75°  wet -bulb  will  be  cooled  to  77°*  if  the  cooler  i3  operating  at  90  percen 
eff.^ency.   Computation:  The  depression  amounts  to  95°  (dry -bulb  temperature  mim  s 

1  75°  (wet -bulb  temperature) or  20°.  Ninety  percent  of  20  is  18.   Subtract  18°  from  95° 
(the  drv-bulb  temperature)  and  you  have  77°,  which  is  the  temperature  to  which  the  air 
is  cooled. 

Types  of  Evaporative  Cooling  Units  / 

There  are  two  main  types  of  evaporative  coolers:  drip  Jid  spray.  However, 
these  are  further  ffroken  down  into  rotary -drum,  slinger,  and  air  washer  units.  No 
matter  what  type  is  used,  the  principles  of  evaporative  cooling  which  was  explained  in 
section  □  are  the  basis  of  it3  success. 

Cabinets  for  evaporative  coolers,  which  enclose  the  entire  assembly  of  the  cooler, 
are  usually  constructed  of  heavy -gage  sheet  metal  Or  aluminum.  The  louvered  sides  of 
the  cabinets  are  removable  to  provide  access  to  the  pads  and  equipment  inside  the 
cabinet. 

Components  of  Evaporative  Coolings  Units 

Components  of  evaporative  cooling  units  are  very  much  the  same  in  each'  type  ex- 
cept that  some  have  a  different  method  of  supplying  the  water  to  the  evaporating  pads. 


DRIP  UNITS.  Typical  drip -type 
evaporative  cooier  components  consist 
ot  die  following:  a  motor -driven  fan, 
or  blower,  a  circulating  water  pump, 
piping,  and  water  distributors;  a  water 
collecting  pan  with  water  makeup  float 
valve,  and  drain;  and  water  evaporating 
surfaces.  \il  these  components  are  as- 
sembled in  a  weatherproof  cabinet,  the 
complete  assembly  being  known  as  a 
self-contained  unit.  It  will  range  in 
size  from  the  small,  one  -room  cooler 
with  a  capacity  of  about  700  cubic  feet 
per  minute  (cfm)  to  the  large  industrial 
coolers  with  capacities  up  to  about 
30. 000  cfm, 

The  small,  one -room  cooler  nor- 
mally uses  a  propeller  fan;  the  larger 
coolers  use  a  squirrel-cage  or  centrifu- 
gal blower.'  The  propeller  fan  cooler 
discharges  the  cooled  air  directly  into 
the  space  to  be  cooled,  from  the  vaned 
air -discharge  outlet  of  the  unit.  Duct  w 
this  type  unit. 

Coolers  of  about  Z000  cfm  capacity  and  above,  as  we  have  pointed  out,  use  the 
squirrel -cage  blowers  which  are  driven  by  a  motor  with  a  V -pulley  and  a  V-belt. 
Figure  1  illustrates  this  type,  and  figure  2  shows  the  unit  disassembled.  Electric 
motors  vary  in  size  according  to  the  size  of  the  fan  blade  or  blower. 


Figure  2.  Drip-Type  Evaporative  Cooler  Disassembled 


■10WCN 

Figure  1.  Drip -Type  Evaporative  Cooler 
With  Centrifugal  Blower 

for  air  distribution  is  never  attached  to 
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The  recirculating  water  pump- is 
usually  a  vertical -shaft,  direcUy  con- 
nected unit  of  light  construction  and  low 
head  pressure.  The  pump  Impeller  is 
suspended  In  the  pump  housing  from  a 
ball-bearing  motor  shaft,  which  elimi- 
nates pump  bearings  and  packing.  The 
pump  housing  usually  has  a  wire -mesh 
screen  through  which  the  water  passes 
as  it  is  drawn  in  by  the  pump  impeller 
and  forced  through  the  discharge  tube  to 
the  distributor.   Pumps  usually  sit  In 
the  water  of  the  collecting  pan  or  are 
sometimes  mounted  on  a  special  frame. 
In  either  case,  they  must  be  insulated 
to  prevent  vibration  and  transmission  of 
noise.  Figure  3  illustrates  this  type  of 
water  pump  and  its  breakdown. 


motor 

m  ♦  ^       WATER  OUTLET  PIPE 


4 

i 

4 


I  I 


m 


PUMP 


Figure  3a.   Recirculating  Water  Pump 

A  water  distributor  is  a  trougn 
which  receives  the  water  from  the 
recirculating  water  pump  through 
the  distributor  head  and  distributes 
it  evenly  over  the  top  of  me  evap- 
orating surface  pads.  One  distrib- 
utor is  provided  for  each  -pad  in  the 
cooler.  The  water  flows* through 
weirs  (triangular  openings)  of  the 
trough  onto  the  pads  which  are  on 
die  air  inlet  sides  of  the  cooler. 
See  figure  4. 
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Figure  3b.  A  Recirculating  Water 
Pump  Breakdown 


Figure  4.   Water  Trough  Distributor 
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Ths  piping  system  constats  of  a  T  -fitting  or  a  water  distributor  bead  with  oaa  inlet 
and  throe  outlets  which  are  connected  by  pine  or  tubiaf  to  the  water  distributors.  The 
iaiet  onssBStkm  Iron  mo  pomp  is  usually  a  rubber  hose.  la  figure  .5  you.  can  see  that 
the  quantity  of  water  which  flows  to  the  branch  piping  system  is  regulated  by  an  adjust- 
able hose  clamp  which  throttles  the  flow  of  water  in  the  hose  connecting  the  water  pump 
to  me  water  branch  tabes.  The  quantity  of  water  which  flows  through  the  branch  tubes 
to  me  troughs  is  equalised  by  rubber  or  metal  metering  rings  placed  in  each  branch 
tube. 

The  water  collecting  pan  forma  the  bottom  of  the  cooler  and  contains  the  water,  the 
water  float  makeup  valve, ' and  an  overflow  pips  (see  figure6).  The  makeup  valve  con- 
trols the  level  of  the  water  in  the  collecting  pan  and  automatically  admits  water  to  re- 
place any  met  through  the  system,  evaporation,  and  bleedoff .  Water  in  the  collecting 
pan  should  be  kept  at  a  depth  sufficient  to  keep  the  recirculating  pump  primed.  The 
overflow  pipe  consists  of  a  removable  length  of  pipe,  the  top  of  which  .is  slightly  below 
the  top  edge  of  the  collecting  pan.  When  the  water  level  in  the  collecting  pan  rises  to 
the  top  of  the  overflow  pipe,  the  excess  water  flows  into  the  pipe  and  is  carried  away 
to  a  drain. 
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The  water  evaporative  surface  of 'drip -type  evaporative  coolers  consists  of  one  or 
more  pads  Of  aspen  wood  excelsior,  redwood  excelsior,  a  mixture  of  redwood  and  aspen 
wood  excelsior,  glass  wool,  or  a  fiber  made  of  other  materials.  The  bulk  excelsior  is 
inserted  in  either  cheesecloth,  hardware  cloth,  or  a  metal  frame  to'bind  and  hold  the 
material  together  In  pads.  The  pads  are  held  in  place  by  a  barbed  rack  or  other  suit- 
able means.  Each  pad  is  Disced  in  a  louvered  frame,  as  you  can  see  in  figure  7.  The 
louvered  frames  are  fitted^nto  openings  on  two  sides  and  on  the  back  of  the  cooler 
through  which  the  air  is  drawn  by  the  fan.  The  louvers  serve  a  double  purpose:  they 
help  to  distribute  the  air  uniformly  over  the  entire  area  of  the  water  evaporating  pads, 
and  they  prevent  water  from  wetting  the  area  surrounding  the  cooler. 


BARBED  RACK  FIBER  PAD  AIR  INLET  GRILLE 


Figure  7.  Grill,  Rack,  and  Pad,  Disassembled 

SPRAY  UNITS.   Spray  units  (sometimes  called  air  washer  units)  are  made  in  sizes 
ranging  from  3500  cfm  through  12, 000  cfm.  They  are  larger  in  dimension  and  weigh 
considerably  more  than  the  drip -type  unit.  They  are  designed  to  keep  the  pads  free  of 
excess  dust  and  water  solids  for  a  longer  period  of  operating  time  than  the  drip -type 
units.   They  use  sprays  to  wet  and  continuously  wash  down  the  inlet  side  of  the  filter 
pads  and  partially  saturate  the  incoming  air  by  direct  contact  as  the  air  passes  through 
the  sprays. 

ThSre  are  two  main  types  of  spray  designs  used  by  manufacturers,  with  essentially 
the  same  results.  These  are  the  "spray  nozzle"  and  the  "rotatii*  disk"  (sometimes 
called  slinger),  shown  in  figures  8  and  9.  Both  spray -type,  units  consist  of  the  follow- 
ing principal  components:  piping;  water  collecting  pan  with  makeup  float  valve  and 
drain;  recirculating  water  pump;  evaporative  fitter  and  eliminator  pads;  the  sprays, 
either  nozzles  or  spray  disk;  and  a  motor -driven  blower— all  assembled  in  a  self- 
contained  weatherproof  cabinet. 
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Figure  8.   Sectional  View  of  a  Spray  Nozzle  Unit 


Piping  consists  of  the  supply  line  and  piping  to  the  spray  nozzle.  The  collecting 
pan  forms  a  part  of  the  bottom  of  the  evaporative  cooler  cabinet,  which  contains  the 
float  -actuated  water  makeup  valve  and  the  drain.  Since  the  float  controls  the  water 
valve,  it  also  controls  the  level  of  the  water  in  the  collecting  pan*  The  spray  disk 
or  wheel  assembly  of  the  evaporative  cooler  supplies  a  continuous  sheet  of  atomized 
water  over  the  bir  inlet  face  of  the  evaporative  filter  pad.  The  spray  disk  collecting  % 
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Figure  9.   Rotating  Disk  Unit 


pan  is  located  below  and  in  front  of  the 
center  of  the  filter  pad.  The  water  in 
the  collecting  pan  is  supplied  to  the  disk 
or  wheel  by  a  water  pump  similar  to 
those  used  on  drip  -type  units .  The  cen- 
trifugal action  of  the  rotating  disk  dis- 
tributes the  water  evenly  in  all  direc- 
tions in  a  vertical  plane  so  that  the  re- 
sulting curtain  of  spray  water  falling 
over  the  entire  inlet  face  of  the  evap- 
orative filter  pads  washes  down  the  air 
inlet  side  of  the  pads  continuously. 

The  automatic  flush  valve  consists 
of  an  electrically  operated  solenoid 
valve  and  an  electric  timer  combined 
in  one  unit.   This  valve  flushes  the 
water  from  the  water  collecting  pan 
regularly  and  automatically.  This 
action  helps  to  keep  the  collecting  pan 
clean.  The  solenoid  valve  is  operated 
by  means  of  a  coil  of  wire  wound  on  a 
soft  iron  spool  which  forms  an  electric 
magnet.  When  the  current  flows 
through  the  coil,  the  valve  stem  is 
lifted  to  open  the  valve.  When  currept 
is  cut  off.  the  valve  is  closed  either  by  gravity  or  by  a  spring.  The  operating  solenoid 
part  of  the  valve  is  completely  enclosed.  The  water  dralr  is  controlled  by  a  plunger, 
and  a  diaphragm  isolates  the  working  mechanism  of  the  valve  from  the  water.  The 
valve  assembly  is  also  provided  with  an  overflow  connection  and  a  manual  operating 
lever  to  completely  drain  the  water  collecting  pan. 

The  electric  timer  regulates  the  flushing  action  of  the  solenoid  valve.  It  consists 
of  a  1  -hour  electric  timeclock  which  is  adjustable  from  0  to  2  1/2  minutes'  drain  time. 
The  setting  of  the  drain  time  will  depend  on  the  dirt  content  of  the  air  entering  the  cool- 
er, the  salt  content  of  the  water,  and  the  resistance  in  the  waste  plumbing. 

The  spray  nozzle  does  the  same  things  as  a  spray  disk.  Nozzles  are  usually 
mounted  in  both  a  vertical  and  a  horizontal  position;  the  vertical  nozzles  ore  used  for 
washing  down  the  evaporative  filter  pads,  and  the  horizontal  nozzles  for  forming  a  cm  - 
tain  of  spray  water  over  the  entire  air  inlet  area.  Water  is  supplied  to  the  nozzles 
through  the  piping  system  by  a  centrifugal  pump  of  large  capacity  and  heavy-duty  con- 
struction, •  mounted  in  the  water  collecting  pan.  This  type  of  water  pump  is  completely 
sealed.    All  recirculating  water  pumps  have  a  screen  of  some  type  to  prevent  particles 
of  dirt  and  foreign  matter  from  getting  into  the  water  piping  system. 

.  Evaporative  filter  pads  and  eliminator  pads  are  usually  made  of  fibers  of  various 
materials  and  are  supported  by  angle  frames  and  heavy  wire  mesh.  Ndrmaily,  spray  - 
type  evaporative  coolers  use  a  specially  treated  hygroscopic  spun  glass  for  filter  paiis. 
This  material  assists  in  holding  the  fibers  in  place  and  helps  the  water  adhere  to  the 
surface.  The  evaporative- filter  pads  form  the  water  evaporating  surface,  the  elim- 
inator pads  remove  the  moisture  from  the  cooled  air  after  it  leaves  the  evaporative 
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filter  pads  and  prevent  water  dropa  from  being  carried  over  into  the  fan  and  motor  of 
the  cooler  unit. 

Blower  fane,  known  also  aa  centrifugal  fans,  are  used  on  spray -type  units.  The 
fan  and  the  motor  which  drives  it  are  both  equipped  with  grooved -type  pulleys  and  are 
connected  with  V -belts.  The  fan  has  a  self -aligning,  self -oiling  bearing  on  each  side 
of  the  impeller  wheel.  Blower  fans  are  designed  and  rated  for  air  delivery  against 
1/4 -inch  water  gage  static  pressure  resistance  at  the  discharge  outlet  of  the  unit. 
Blower  fans,  depending  on  size,  are  normally  used  to  supply  air  through  a  duct  system. 

ROTARY -DRUM  EVAPORATIVE  UNITS.  As  the  name  implies  the  rotary -drum 
evaporative  cooling  unit  uses  a  rotating  drum,  powered  by  a  reduction  gear  and  motor. 
Figure  10  illustrates  a  partly  dissembled  rotary -drum  unit.  Other  principal  compo- 
nents are  the  exterior  air -filter  unit,  the  rotor  housing,  the  water  tank  and  the  float - 
actuated  water  makeup  valve,  an  automatic  flush  valve,  and  a  motor -driven  fan  or 
blower.    All  of  these  components  are  mounted  in  a  metal  weatherproof  cabinet.  The 
rotary -drum -type  evaporative  coolers  are  usually  made  in  sizes  ranging  from  2500 
through  6000  cfm.  Blowers  and  motors  are  designed  the  same  as  for  the  drip -type 
evaporative  cooler  units. 


Figure  10.  Rotary -Drum  Unit  (Partly  Disassembled) 
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The  rotor,  which  is  driven  by  an  electric  motor  at  an  approximate  speed  of  1  1/2 
rpm,  is  cylindrical  and  consists  of  alternate  layers  of  corrugated  and  flat  screen 
wound  on  a  drum.  It  revolves  in  the  rotor  housing,  the  lower  portion  being  constantly 
wet  by  its  immersion  in  the  water  tank  of  the  housing.  When  in  operation,  the  rotor 
continuously  exposes  an  evenly  wetted  surface  to  the  incoming  air.  The  rotor  housing 
contains  the  revolving  rotor  and  supports  the  rotor  bearings  and  the  electric  gear  mo- 
tor. The  lower  portion  of  the  rotor  housing  forms  the  water  tank.  The  float -actuated 
water  makeup  valve  controls  the  water  level  in  the  tank. 

The  automatic  flush  valve  empties  the  water  from  the  tank  automatically.  This 
action,  which  helps  to  keep  the  rotor  and  water  tank  clean,  is  repeated  regularly  by  an 
electrically  operated  solenoid  valve.    The  operating  solenoid  of  the  valve  is  completely 
enclosed.    The  water  drain  is  controlled  by  a  plunger,  and  a  diaphragm  isolates  the 
working  mechanism  of  the  valve  from  the  water.  The  valve  assembly  is  provided  with 
an  overflow  connection.  A  manually  operated  valve  is  also  provided  to  drain  the  water 
tank  completely. 

The  action  of  the  solenoid  valve  is  regulated  by  an  electric  timer,  a  1-hour  elec- 
tric timeclock  with  contacts  that  open  and  close  according  to  the  time  limit  for  which 
the  timer  is  designed.   The  setting  of  the  drain  time,  usually  adjustable  from  0  to 
2  12  minutes,  is  dependent  on  the  amount  of  dirt  in  the  air  that  enters  the  cooler,  the 
salt  content  of  the  water,  and  the  resistance  in  the  waste  or  drain  plumbing. 

The  filters  of  the  rotary -drum -type  evaporative  cooler,  called  air  filters,  are 
usually  of  the  impregnated,  washable,  metal  type.  The  filter  unit  is  located  on  the 
air  intake  side  where  the  air  can  be  cleaned  as  it  enters  the  cooler.  . 

SLINGER-TYPE  EVAPORATIVE  UNITS.   The  slinger-type  unit  may  be  con- 
structed as  a  double  unit.    The  metal  weatherproof  cabinet  may  contain  two  sets  of 
the  principal  components,  such  as  one  or  two  sets  of  spray  wheel  assemblies,  one  or 
two  sets  of  evaporative  and  eliminator  pads,  one  or  two  automatic  flush  valves,  one 
electric  timer,  and  one  motcr -driven  blower.    The  blower,  or  fan,  of  the  slinger-type 
evaporative  cooler  is  the  same  as  on  the  rotary -drum  unit --a  motor -driven  centrifugal 
blower.  It  is  driven  by  a  V-belt  connecting  the  blower  and  motor  by  means  of  grooved 
pulleys.   The  blower,  which  is  used  to  supply  air  through  the  duct  system,  is  designed 
and  rated  for  air  delivery  against  1,  4 -inch  water  gage  static  pressure  resistance  at  the 
discharge  outlet.  It  has  two  self -aligning,  self -oiling  bearings,  one  on  each  side  of  the 
b  >wer  wheel.  The  electric  motor  operating  the  blower  is  mounted  high  in  the  metal 
cabinet  to  protect  it  from  too  much  moisture. 


The  electric  motor  operating  the  spray  wheel  is  sealed  in  a  waterproof  assembly 
with  water-seal  packing  around  the  shaft  ¥o  the  spray  wheel.  The  spray  wheel  picks 
up  water  from  the  collecting  pan  and  distributes  it  in  all  directions  in  a  vertical  plane 
by  the  centrifugal  action  of  the  rotating  spray  wheel.  This  action  supplies  a  continuous 
sheet  of  atomized  water  which  is  sprayed  over  the  air  inlet  side  of  the  evaporative  fil- 
ter pad.  As  the  air  passes  through  the  water,  dust  and  dirt  is  removed  and  the  air  is 
partially  cooled.  This  continuous  etz*t  of  atomized  water  also  continually  washes  the 
dirt  from  the  pad.   The  water  collecting  pan,  which  is  located  below  and  in  front  of  the 
evaporative  filter  pad,  forma  a  part  of  the  bottom  of  the  evaporative  cooler  cabinet.  A 
float -actuated  water  makeup  valve,  which  controls  the  level  of  water,  is  contained  in 
the  collecting  pan.  _ 
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The  automatic  flush  valve  assembly  consists  of  the  fluah  valve,  which  flushes  the 
water  from  the  water  collecting  pan  rn_  jrly  and  automatically;  the  solenoid  valve; 
ami  timer.  The  timer  la  electric  and  has  an  adjustable  drain-time  setting  which  regu- 
lates the  flow  of  current  to  the  solenoid  valve.  The  solenoid  valve  operates  the  drain 
valve.  This  assembly  is  very  similar  to  the  fluah  valve  assembly  used  with  the  rotary  - 
drum -type  evaporative  cooler. 

The  evaporative  and  eliminator  pada  are  usually  made  of  various  washable  mater- 
ials supported  by  angle  frames  and  heavy  wire  mesh.  The  fibers  are  impregnated  with 
a  material  which  v*t  only  helps  to  hold  the  fibers  in  place  but  also  treats  the  fibers  so 
that  water  will  adhere  to  their  surface.  The  evaporative  filter  pads  form  the  water 
fitter  and  evaporating  surface,  and  the  eliminator  pada  remove  moisture  from  the 
cooled  air.  The  eliminator  pada  also  prevent  small  drops  of  water  trapped  in  the  air 
from  being  carried  over  Into  the  fan  and  motor  of  the  blower  compartment. 

The  cabinets  for  s linger -type  evaporative  coolers  are  usually  constru&ed  the  same 
as  those  for  other  large  type  evaporative  coolers.  Heavy -gage  galvanized  steel  Is  used 
to  enclose  the  entire  unit.  The  sides  are  removable  to  provide  acceos  to  the  interior. 


When  the  efficiency  of  an  evaporative  cooler  falls  below  80  percent,  corrective 
action  should  be  taken  to  improve  its  operation.    Air  velocity  through  the  evaporative 
pads  should  not  exceed  300  feet  per  minute.   Air  changes  within  the  space  beinf  -ooled 
should  be  at  the  rate  of  30  times  per  hour.    The  air  velocity  within  the  duct  system 
should  not  exceed  1200  feet  per  minute  for  quiet  operation. 

QUESTIONS 

* 

1.    Name  the  two  main  types  of  evaporative  cooling  units. 


2.    For  what  is  evaporative  cooling  normally  used? 


3.    Explain  where  evaporative  coolers  may  be  operated  with  relative  success. 


4.    Which  type  evaporative  cooler  does  not  use  a  duct  system  for  air  distribution? 
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5. 

8. 
7. 

8. 

9. 
10. 


Squirrel -cage  blowers  are  generally  used  on  what  size  evaporative  cooler? 
How  are  squirrel -cage  blowers  driven? 

On  operative  cooler  units  that  have  an  automatic  flush  valve,  what  regulates  the 
action  of  the  solenoid  valve? 

Corrective  action  should  be  taken  when  aa  evaporative  cooler  falls  below  what 
degree  of  efficiency? 

What  should  be  the  maximum  air  velocity  through  the  evaporative  pads? 
What  should  be  the  hourly  rate  of  air  change  within  the  space  cooled? 
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SECTION  Q 

INSTALLATION  AND  OPERATION  OF 
EVAPORATIVE  COOLING  SYSTEMS 

INTRODUCTION 

Long  before  the  refrigeration  coil  became  the  basis  of  air  -conditioned  comfort, 
evaporative  coolers  and  cooling  systems  were  being  used  to  some  extent  in  semlarid 
and  arid  states— Kansas,  Colorado,  New  Mexico,  for  exairi pie -- where  the  daily  humid- 
ity was  usually  very  low.  Even  today,  Air  Force  bases  located  in  dry  climates  employ 
this  type  of  cooling  with  considerable  success  at  a  low  cost. 

The  small  units  are  usually  mounted  in  the  window  of  a  building.  The  larger  units, 
however,  must  be  placed  on  substantial  structures  thaMrlll  support  their  weight. 

INSTALLATION  PROCEDURES 

♦ 

The  size  and  style  of  the  unit  determines  the  location  and  the  type  of  structure  » 
required. 

Locations  ^ 

Units  mounted  in  building  windows  are  of  the  small  blower  type.  These  are  light 
in  weight  and  will  not  do  damage  to  the  building  structure.  See  figure  11A. 

The  large*  heavy  units  must  be  mounted  on  self-supporting  platforms  adjacent  to, 
but  independent  of  the  building  (see  figure  HB).  In  some  cases --the  air -washer -type 
unit,  for  instance --it  may  be  more  economical  to  mount  the  unit  on  a  cement  platform. 


Figure  HB.  Large  Blower -Type 
Unit  on  Mounting  Structure 
Figure  HA.  Window  Unit  with  Guardrails  and  Ladder 


13 


*  '  ' 

ERJC  . 


Structures 

The  dimensions  and  operating  weight  of  the  cooler  should  be  determined  before 
starting  construction  of  the  supporting  structure  or  mounting  platform.  A  walkway  with 
guardrails  around  the  cooler  should  be  provided  for  the  safety  of  the  serviceman  and  to 
give  him  proper  access  to  the  equipment  for  making  repairs.  Each  platform  should 
alsb  have  a  ladder  built  as  part  of  the  structure.    See  fiaure  11B 

% 

Never  mount  cooler  units  on  the  building  roof.  Each  unit  must  be  mounted  on  the 
platform  so  that  it  is  rigid  and  level.  In  some  cases  this  may  require  shims  and  the 
bolting  down  of  the  unit.  Every  cooler  manufacturer  furnishes  mounting  and  Installa- 
tion instructions  with  each  type  unit.  Personnel  who  are  assigned  to  mount  cooler  units 
should  read  carefully  and  understand  these  instructions. 

Connections 

v  * 

The  various  connections  required  for  evaporative  coolers  must  be  installed  as  * 
specified  for  each  cooler.  Check  the  instructions  and  see  that  the  proper -size  pipe, 
valves,  switches,  wire,  and  fuse  boxes  are  installed.  Only  in  this  way  can  you  be 
sure  that  the  equipment  will  give  the  expected  service. 

WATER  SUPPLY  AND  DRAIN.   The„small,  window-type  evaporative  cooler  nor- 
mally uses  1/4 -inch  copper  tubing  to  carry  the  water  supply.  A  1/4 -inch  fitting  is 
located  on  the  side  of  the  sillcock  valve  which  is  installed  on  any  ordinary  3/4 -inch 
outside  water  valve  (garden  hose). 

Larger  units  must  have  a  water  supply  line  of  at  least  3/4 -inch  pipe  or  tubing  A 
globe  shutoff  valve  should  be  Installed  In  the  supply  line  on  the  inlet  side  to  the  unit. 
Coolers  using  a  water  solenoid  valve  instead  of  a  recirculating  pump  should  have  a 
water  straineranstalled  on  the  inlet  side  of  the  solenoid  valv*.  A  water  faucet  with  a 
hose  bibb  should  be  installed  in  the  supply  line  near  each  cooler  tp  be  used  in  washing 
down  the  interior  of  evaporative  copiers  immediately  after  heavy  dust  storms  or  when 
maintenance  service  is  being  done..  - 

* 

The  water  drain  or  waste  system  for  evaporative  coolers  should  be  at  least  11/4 
inches  in  diameter  to  reduce  drain  stoppage.  The  drain  system  should  be  connected  to 
the  sewer  or  to  a  street  drainage  system.  In  freezing  areas  the  water  supply  system 
should  be  insulated  against  freezing,  or  the  unit  may  be  installed  to  permit  the  com- 
plete draining  of  the  system.  * 

ELECTRIC  CONNECTIONS.  Small  units  (window -type)  are*  usually  connected  by 
inserting  the  electric  cord  plug  Into  a  convenient  outlet.  Thus,  they  can  be  placed  in 
or  out  of  operation  by  a  toggle  switch  on  the  front  of  the  unit. 

The  larger  units  should  be  equipped  with  their  own  fuses.  Sometimes  this  may 
required  separate  main  switch  and  fuse  box,  depending  on  the  power  requirements 
of  the  unit.  Pushbutton  stations  or  toggle  switches,  are  used  to  start  and  stop  equip- 
ment operation.  Other  utfits  may  require  separate  switches  for  the  water  recirculat- 
ing pump  motor  and  the  blower  motor.  The  larger  units  usually  require  magnetic 
starters  and  sometimes  have  pilot  lights  or  other  devices  to  indicate  when  and  what 
part  cf  the  cooling  unit  Is  in  operation,  Alt  switches,  controls,  pilot  lights,  and  in- 
dicators should  be  mount  td  on  a  control  panel  which  is  located  in  a  convenient  place. 


Each  large  evaporative  cooler  should  have*  a  disconnect  twitch  mounted  insid*  the  unit 
to  permit  inaiitfenance  personnel  to  toslrol  tho  unit  operation  while  ptrfonnlot  mainte- 
none*  sonnet.  This  is  a  tin* -saving  mors  as  well  as  a  saftty  measure. 

STARTUP  CHICKS  AND  ADJUSTMENTS 

The  successful  functioning  of  evaporative  air  coolers  depends  directly  upon  the 
manner  in  which  they  are  operated.  Normally,  the  using  organisation  is  responsible 
only  for  starting  and  stopping  evaporative  air  cooling  units  and  systems.  Instructions 
for  the  operation  of  these  coolers  are  prepared  by  the  Air  Installations  Office  and  are 
usually  posted  on  tho  cooler  switch  panel  for  ready  reference.  The  personnel  of  the 
using  organisation  are  instructed  thoroughly  in  the  operation  of  electrical  switches, 
water  valves,  and  other  controls.  They  are  cautioned  not  to  start  the  blowers  prior  to 
starting  the  water  pumps  after  long  shutdown  periods.  As  we  have  already  pointed  out. 
during  periods  of  high  outside  relative  humidities  and  when  the  humidity  within  a  room 
becomes  too  high  for  comfort,  evaporative  coolers  should  be  operated  only  as  venti- 
lating systems.  The  necessity  of  keeping  a  sufficient  number  of  windows  raised  at  all 
times  while  the  coolers  are  In  operation  is  also  stressed.  The  systems  are  operated 
only  when  required  and  are  shut  off  by  the  using  organization  when  the  temperature 
does  not  warrant  their  use.  \ 

Startup  Procedures 

When  a  new  or  inactive  evaporative  air  cooling  unit  is  to  be  placed  In  service,  the 
refrigeration  ant*  air-conditioning  shop  maintenance  personnel  perform  the  startup 
services  to  prepare  the  equipment  for  operation.  Before  starting  the  equipment,)  they 
inspect  all  parts,  accessories,  and  units  to  see  (hat  they  are  secure  and  correctly  ad- 
justed. Seasonal  startup  is  scheduled  weU  ahead  of  the  time  the  equipment  is  to  be 
used.  This  allows  ample  tlme  for  Inspection  and  startup  services.  During  initial 
startup  procedures,  all  supply  outlets,  vanes,  dampers,  and  splitters  should  be  opened 
for  normal  airflow.  Moist  rags  should  be  placed  over  the  supply  air  outlets  into  each 
space  being  air  conditioned  to  catch  the  dust  and  construction  dirt  before  it  is  dis- 
charged into  the  space  where  occupants  are  on  duty. 

The  ratings  of  motor  overload  protection  devices  should  be  checked  against  the 
motor  nameplate  ampere  ratings.  If  the  devices  are  oversize  or  undersize,  thermal 
elements  of  the  proper  size  should  be  installed. 

An  ammeter  should  be  connected  to  the  blower  motor  circuit  by  an  electrician 
prior  to  starting  the  motor.  Starting  and  running  currents  should  be  recorded  when 
the  blower  is  first  operated,  with  all  pads  and -filters  dry  and  in  place.  If  the  running 
current  is  equal  to  or  less  than  the  overload  rating  of  the  motor,  then  the  motor  will 
not  be- overloaded  under  final  load  conditions. 

Testing  the  unit  with  clean,  dry  pads  assures  you  that  the  unit  can  be  operated 
subsequently  without  water  for  ventilating  purposes  since  pads  are  always  in  place 
when  the  unit  is  operating.  If  the  running  current  is  in  excess  of  the  motor  overload 
rating,  you  mast  determine  ths  cause.  In  many  cases,  overload  is  due  to  excessive 
fan  speed.  Correct  this  before  continuing  the  operation  of  tho  motor.  The  fan  speed 
should  be  recttced  by  adjusting  the  variable -pitch  motor  pulley  or  reducing  the  size  of 
the  motor  pulley.  Where  this  is  impractical,  the  blower  pulley  size  should  be  in- 
creased. You  should  use  pulleys  of  (he  correct  size  rather  than  attempt  to  cut  down 
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the  original  one4.   An  ammeter  should  be  used  to  check  the  starting  and  running  cur- 
rents of  the  pump  motor  after  the  water  collecting  tank  has  been  filled  and  the  pump, 
first  operated.    If  the  runmhg  current  is  in  excess  of  the  motor  overload  rating,  deter- 
mine the  cause  and  correct  it  before  continuing-  the  operation  of  the  pump. 

During  :he  initial  operation  of  the  unit  with  waterjjp  the  \       or  sprays,  air  deliv- 
ery in  the  supply  ducts  should  be  determined  by  a  v£!mneter  or  wcher  velocity -indicating 
instrument.   Take  readings  at  a  sufficient  number  of  ctosff-sectional  sorts  in  the  same 
section  of  the  supply  duct  so  that^you  can  arrive  at  an  average  velocity  reading.  Multi- 
ply the  average  velocity  by  the  square -foot,  cross -sectional  area  Cvf  the  dvct.  This 
*  computation  will  giu£  the  quantity  of  airflow  in  cubic  feet  per  minute  If  the  rate  of 
air  delivery  approximates  the  designed  capacity  of  the  system,/ the  unit  should  be  con- 
tinued^ft-operation.   If  the  rate  of  air  deityery  is  considerably/ft  excess  of  design 
capacity,  reduce  the  fan  speed.  In  such  4  case,  the  fan  motofr  is  usually  overloaded 
and,the  velocity  of  the  air  through  the  water  evaporating  pads  is  excessive.   If  thi$,  is 
the  case,  drops  of  water  rpay  be  carried  over  into  the  fan  compartment  and  cause 
shortifig  of  electrical  circuits,  motor  "burnouts,  "  rapid  deterioration  of  belts,  and 
excessive  rust  and  corrosion.    After  balancing  air  distribution  to  all  spaces  by  the 
A  use  of  velocity  indicating  instruments,  lock  all  dampers,  splitters,  and  directional 
flow  vanes  in  their  final vposition  in  such  a  maimer  that  tampering  or  readjustment  is 
impossible  except  by  the  maintenance  personnel.    Units  which  operate  at  efficiencies 
below  80  percent  require  adjustment  to  improve  their  performance.  * 

v  ■ 

Thermostat  and  humidity  controls,  when  used,  should  be  tested  for  automatic  op- 
eration, set  at  the  proper  settings,  and  locked  to  prevent  tampering  or  readjustment 
bv  other  than  maintenance  personnel. 

Shutdown  Services 

When  evaporative  air  coolAig  equipment  is  to  remain  idle  for  long  periods  of  time 
|fce  refrigeration  and  air  con4«ioning  personnel  perform  the  preventive  maintenance 
^feutdown  services.    This  service  protects  the  equipment,  conserves  critical  mater- 
ials, and  prepares  the  equipment  for  minimum  startup  service.   AU  parts,  accessor- 
ies, and-equipment  are  inspected  to  insure  proper  servicing  for  seasonal  shutdown  or 
standby  condition. 

/ 

^he  shutdown  service  for  evaporative  air  cooling  equipment  depends  upon  Its  con- 
ditio^ and  the  method  of  storage.    Usually,  the  coolers  are  drained  and  washed  out  with 
water  under  pressure.    If  they  are  to  remain  attached  to  the  building,  they  should  be 
protected  from  the  weatbpr  By  some  type  of  cover.  Normally,  these  coolers  should  be 
removed,  from  the  building,  stored  in  a  dry  place,  and  overhauled  during  the  winter 
season.    This  procedure  puts  the  coolers  in  good  condition  for  the  next  season's  run. 
Having  been  overhauled,  they  should  give  very  little  trouble  during  the  cooling  season. 
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QUESTIONS 

1.  Name  the  type  of  evaporative  cooling  unit  that  is  installed  in  building  yindows? 

2,  Why  should  evaporative  coolers  have  a  waste  drain  of  at  least  114  inches  in 
diameter? 


3,  What  type  of  evaporative  cooler  is  connected  by  insertiiig  the  electric  cotd  plug 
into  a  convenient  outlet? 

4.  How  do  maintenance  personnei  control  the  operation  of  a  large  evaporative  cooling 
unit  when  performing  maintenance?  \ 

5     What  is  the  minimum  square  feet  of  louvered  exhaust  opening  per  1000  cubic  feet 
of  air  delivered  to  a  room  or  area? 


6.    Why  is  a  thermostat  used  on  an  evaporative  cooling  unit? 


7.    What  does  a  humidistat  control? 


8.     Which  components  of  an  evaporative  cooling  system  should  be  locked  in  position 
and  why? 


9.    Who  usuallv  operates  evaporative  cooling  systems? 

10.    Why  should  the  water  pump  motor  on  drip- and  slinger-type  evaporative  coolers 
be  placed  in  operation  at  least  15  minutes  before  starting  the  system  blower? 

.  v 
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SECTION  HI 

INSPECTION  AND  MAINTENANCE  OF  EVAPORATIVE  COOLERS 
INTRODUCTION 

At  many  installations  improper  maintenance  of  evaporative  cooling  units  has  re- 
sulted in  excessive  costs  for  renovation.    These  units  axe  exposed  to  wuter  and  at- 
mospheric elements  continuously*   Consequently,  where  maintenance  is  lax,  complete 
deterioration  of  surfaces  such  as  panels,  blowers,  cabinets,  £nd  scrolls  is  not  uncom- 
mon*  Therefore,  regular  inspections  and  preventive  maintenance  services  should  be 
performed  on  ail  equipment. 

Responsibility 

Under  the  direction  oT  the  Air  Installations  Office  the  maintenance  personnel  of  the 
refrigeration  and  air-conditioning  shop  are  responsible  for  carrying  out  regularly  sched- 
uled routing  inspections  and  preventive  maintenance  services  on  all  evaporative  coolers. 
Inspections  and  services  shouiabe  scheduled  to  permit  only  a  minimum  of  interference 
with  the  activities  of  the  using  organization.   If  such  activities  hinder  the  completion  of 
servicing  on  one  trip,  the  work  should  be  completed  as  soon  afterwards  as  practicable . 

Inspection  and  preventive  miijfenance  services  should  be  scheduled  on  a  master 
chajt  in  the  refrigerating  and  air-conditioning  shop.   This  procedure  will  insure  that  4 
each  cooler  is  inspected  and  maintained  at  the  proper  time,  and  that  repairs  are  made 
before  breakdown.  . 

Preventive  Maintenance  and  Inspections     '  + 

-  4 

Definite  procedures  for  the  preventive  maintenance  of  refrigerating  and  air-con- 
ditioning equipment  are  necessary  for  efficient  and  safe  operation.   The  Objectives  of 
preventive  maintenance  are  as  follows:    to  prevent  breakdown,  to  insure  proper  main- 
tenance, to  provide  immediate  and  adequate  minor  repairs  and  avoid  major  repairs,  to 
control  maintenance  costs,  to  establish  specific  personnel  assignments,  and  to  develop 
minimum  but  adequate  maintenance  records  and  data,. 

Well-planned  inspections  and  up-to-date  and  correct  records  are  required  lor  a 
successful  preventive  ^maintenance  program.   Ipsp^ction  ii  a  key  phase  of  preventive 
maintenance.  It  is  a  simple  fact  that  when  minor  deficiencies  are  overlooked,  they 
can  cause  major  breakdowns  in  the  future  ♦  Thi3  eventually  defeats  any  preventive 
maintenance  program.   The  responsibility  of  detection  is  the  duty  of  ail  personnel  as- 
signed to  preventive  maintenance. 

*  .  * 

Th\ technical  procedures  followed  by  £  crew  or  team  in  performing  inspection  and 
maintenance  on  equipment  should  be  thorough.  All  deficiencies  must  be  coicrected  as 
they  are  detected  by  the  various  members  of  the  crew.   The  important  things \o  look 
for  during  inspections  are  minor  deficiencies  which,  if  not  corrected  immediately, 
will  result  in  more  costly  repairs  in  the  future.   Remember --in  preventive  mainte- 
nance--the  little  things  are  eventually  the  big  things. 
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Servicing  Components 

t 

The  following  paragraphs  contain  Instructions  which  will  serve  as  guide  proce- 
'  dure*  (or  inspecting  and  servicing  the  components  of  evaporative  air  cooling  equipment. 
It  may  be  necessary  to  supplement  these  instructions  and  procedures  with  the  manu- 
facturer's Instructions  where  the  equipment  is  not  standardized  in  design. 

i 

FILTER  PADS.    Filter  pads  are  maintained  as  clean  as  possible  for  maximum 
effectiveness.    This  maintenance  is  accomplished  by  washing  the  pads  to  remove 
algae,  water  solids,  pollen,  and  other  deposits.  A  garden  hose  with  an  adjustable 
nozzle  should  be  used  to  wash  filter  pads.  After  the  pads  are  washed  thoroughly,  all 
loose  foreign  materials  should  be  washed  from  the  water  collecting  tank  through  the 
drain  connection.   The  pads  should  be  inspected  for  thick  sections  of  filter  alter  wash - 
ing.  If  a  pad  cannot  be  cleaned  adequately,  or  If  the  thin  layer  cannot  be  corrected  by 
fluffing  the  fibers  from  the  adjacent  thick  sections,  replace  the  pad  with  a  new  one. 
Normally,  it  is  better  to  replace  drip  pads  twice  each  cooling  season,  rather  than  to 
try  prolonging  their  use  by  special  cleaning  methods. 

Spray  pads  usually  last  a  complete  cooling  season  because  continuous  washing  of 
the  pads  reduces  the  deposits  of  water  solids,  dust,  and  the  growth  of  algae  on  glass 
/    fiber  surfaces. 

Spun  glass  fibers  accumulate  water  solids,  which'form  an  incrustation  around  the 
fibers  and  reduce  their  effectiveness  in  maintaining  an  affinity  for  water.   When  ex- 
cessive dirt  and  solids  accumulate  on  the  fibers,  the  pfcds  should  be  replaced.  The 
sagging  of  glass  fibers  in  the  spray  pads,  particularly  at  the  top  sections,  also  neces- 
sitates the  replacement  of  pads.    Since  the  fibers  are  enclosed  in  a  wire  mesh,  they 
cannot  be  fluffed  to  obtain  uniform  secticmal  thickness. 

The  pad  frame  and  the  retaining  screens  should  be  wire -brushed  to  remove  dirt 
and  scale  and  then  painted  with  rust -resistant  paint.    Screen  eliminators  made  up  of 
layers  of  wire  screen  should  be  cleaned  andj>ainted  whenever  excessive  dirt,  scale, 
or  rust  accumulate  on  them. 

WATER  DISTRIBUTORS.   Proper  water  distribution  and  thoroughly  saturated  pads 
are  essential  to  maximum  efficiency  from  an  evaporative  air  cooling  unit.  Drip  dis- 
tributors admit  water  to  the  top  pad  surface  at  a  rate  sufficient  to  wet  the  entire  pad. 
Streams  of  water  should  flow  down  the  outside  pad  surface.  The  water  trough  should 
be  level  so  that  approximately  the  same  number  of  drops  of  water  fall  from  the  weir 
along  the  entire  length  of  the  trough.    The  troughs  are  usually  slotted  so  they  can  be 
leveled.  Troughs  and  weirs  should  be  cleaned  by  wire -brushing  and  repainted  with 
rusUresistant  paint.  The  piping  system  should  be  disassembled  and  wire -brushed 
internally  when  excessive  scale  formation  starts  to  retard  the  water  flow. 

Spray  nozzles  are  designed  to  provide  sufficient  water  to  wash  the  pads  and  form 
an  effective  spray  curtain  in  th*  entering  airstream.   Spray  from  each  nozzle  or  jet 
must  have  a  well-defined  pattex*n.  Spray -nozzles  should  be  cleaned  by  reaming  out  the 
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openings.  "Slot  jets  may  tj*  cleaned  by  means  of  a  th^jl  blade  made  to  tit  tbe  slot,  ft  '  * 
salvaged  h^ksaw4>lade  witfr  dulled ^eeth  and  no  set  may  be  used    Take  tare  when  you 

are  cleaning  the  openings' arid  slots  to  prevent  cutting  their  metal  edges  {ind  rmuing  them. 

v—  ;~   / 

You  should  check  rotary  disk  water  distributors  for  freedom  of  shaft  rotatl0n/and 
then  lubricate  ^hem,   The  surface  of  thAdisk  should  be  wire -brushed  to  rbme^fhe 
scale.   The  position  of  the  watar  supply  pipe  in  relation  to  the  disk  should  to  checked 
carefully  and  its  position  adjusted  and  locked  at  the  exact  ipcation  recommended  by  the 
manufacturer  to  insure  a  maximum  washing  and  spray  effect.    Spray  noassles,  jets, 
and  rotary  disks  which  cannot  be  cleaned  satisfactorily  by  wire -brushing  should  be  re- 
moved and  cleaned  by  immersion  in  a  la  percent  inhibited  commercial  hydrochloric 
(muriatic  acid)  solution.         #  / 

Water  pressure  at  th$  spray  nozzles  and  jets  v^ies  with  the  different  units.  The 
water  pffssure  *iay  usually  be  checked  at  the  pumjWischafge  outlet  by  attaching  a 
pressure  gage  to  the  fitting  provided  for  this  purpose    The  pump  discharge  pressure 
for  effective  water  spray  and  atornization  should  be  maintained  at  the  value  recom-  - 
mended  by  the  manufacturer, 

WATER  FLOAT  VALVE.  The  water  makeup  float  valve  should  be  checked  for 
freedom  of  mover    it,  and  any  binding  of  the  float  lever  should  be  corrected.  The 
water  valve  should  be  checked  for  positive  water  cutoff,  since  its  position  determines 
the  proper  water  operating  level.  If  an  adjustment  is  required,  raise  or  lower  the 
float -ball  position  with  respect  to  the  Lever  pivot.    The  water  level  should  be  set  to  r 
permit  a  constant  overflow  for  blefetioff  into  the  overflow  standpipe.   The  wing  nut  on  * 
the  adjustment  screw  should  be  turned  lightly  in  place  to  insure  that  the  float -ball  lever 
i<s  locked  in  position.    Float  balls  made  of  ferrous  metal  which  are  rusted  should  be  re* 
placed  by  float  balls  made  of  nonferrous^metal  or  of  aplastic  materials. 

m., 

WATER  CIRCULATING  PUMPS.   Because  of  the  light  construction  of  water  circu- 
lating pumps  used  with  evaporative  drip  units,  they  must  be  carefully  maintained.  The 
low  oil  capacity  of  the  bearing^  on  the  motor  requires  frequent  addition  of  the  correct 
grade  of  oil.    If  the  oil  does  not  flow  readily  lpto  pie  oil  filler  tubes,  they  should  be 
removed  and  (cleaned.  If  the  stoppage  appears  to  be  In  the  bearing,  the  entire  pump 
assembly  should  be  removed  and  the  bearings  washed  out  and  filled  with  the  proper 
amount  of  oil.  The  Impeller  and  Interior  of  the  rasing  should  be  cleaned  of  excessive 
scale  by  wire-brushing.   The  pump  shaft  and  Impeller  should  be  adjusted  to  avoid  its 
binding  against  the  water  Intake  opening  or  pump  casing.  Rusted  surfaces  should  be 
wire -brushed  and  repainted  with  rust -resistant  palnf.    When  repairs  are  required, 
pump3  of  this  type  are  generally  taken  to  the  shop  to  facilitate  service  work.  Sufficient 
replacement  pump  assemblies  shoutdfbe  made  available  for  the  exch£rtfce  of  pumps  re- 
quiring repairs.   Maintenance  men  should  carry  one  of  two  pump  assemblies  with  them 
to  expedite  service. 

•  • 

The  misalignment  of  the  belt  drive  on  large*  pumps  used  with  spray  units  causes 
excessive  wear  and  necessitates  the  replacement  of  bearings.   For  this  reason,  drives 
should  be  careiully  aligned  when  the  pump  or  the  motor  is  serviced.  Grease-packed 
ball  bearing's  should  be  cleaned  and  repacked  with  the  correct  grade  of  grease  every 
year.    Graphite -impregnated  bearings  normally  do  not  require  lubrication.  Where 
grease  cups  are  used,  they  should  be  screwed  down  slightly  every  month.   This  should 
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be  done  carefully,  as  the  use  of  too  much  grease  or  oil  causes  the  lubricant  to  overflow 
into  the  water  and  contaminate  the  pads.    The  shift  packing  glands  of  pumps  should  be 
tightened  just  enough  to  riertnit  an  occasional  drop  of  water  to. escape  through  them. 
Pumps  which  are  not  readily  accessible  to  permit  easy  servicing  are  relocated;  in 
some  cases,  it  may  be  necessary  to  reinstall  the  pump  outside  the  unit. 

CABINET  AND  WATER  MAKEUP  TANK.,  The  exterior  surfaces  of  the  cabinet  and 
water  makeup  tank  which  develop  rust  spots  should  be  wire -brushed  and, given  a  coat  of 
rust -resistant  paint.   After  wire -brushing  and  cleaning  the  rusted  areas,  the  panel 
interior  surfaces  should  be  painted  with  asphalt -base  paint.     The  interior  surfaces  of 
both  Of  the  panels  forming  the  water  spray  chamber  and  of  the  interior  of  the  water 
makeup  tank  should  be  painted  with  asphalt -base  paint.  The  air  intake  louvers  and 
screens  should  be  wire -brushed  and  cleaned  so  ihat  they  are  free  of  dust,  insects,  and 
scale.  Bent  or  distorted  vanes  should  be  straightened  and  repaired.    Metal  louvers 
and  screens  should  be  repainted  as  required. 

'  v 

in  order  to  reduce  excessive  concentration  of  solids,  on  the  fibers  of  the  water 
evaporating  filter  pads,  to  retard  algae  growth  and  to  reduce  the  replacement  require- 
ments of  pads  and  water  recirculating  pumps,  washing  services  should  be  performed 
every  week  on  each  unit  and  immediately  after  heavy  dust  storms.  All  foreign  mater- 
ials should  be  washed  into  the  water  makeup  tank,  from  which  the  water  and  sludge 
should  be  drained.  With  regular  washing  services  and  by  cleaning  strainers,  screens, 
and  nozzles,  chemical  treatment  of  the  makeup  water  is  not  required. 

ELECTRIC  MOTORS.    Electric  motors  used  in  evaporative  cooling  units  should 
be  peoperly  maintained  to  increase  their  life.  The  exterior  surfaces  should  be  kept 
clean.    They  shoujd  be  protected  from  excessive  moisture.  Moisture  deteriorates 
the  insulation  on  the  windings  of  the  field  colls  and  armature.  It  is  sometimes  ad- 
visable to  shield  or  relocate  a  motor  if  It  is  in  the  path  of  excessive  moisture.  Mo- 
tors mounted  on  the  exterior  of  cooling  units  should  be  protected  from  weather  ele- 
ments by  some  type  of  shield. 

At  least  once  each  year,  you  should  disassemble,  Inspect,  and  overhaul  the  motor. 
Clean  it  with  an  Air  Force -approved  ci^ncr.   Compressed  air  may  be  used  in  con- 
junction with  the  cleaner,  but  you  "-hoa.'  exercise  care  not  to  damage  the  insulation  by 
direct  blasts. 

Inspect  all  bear'  %s  for  wear.   Excessive  bearing  wea?  causes  the  armature  to 
drag  against  the.fielu  coils,  thus  damaging  the  armature  ai  well  as  the  coils.  If  the 
ben  rings  are  worn  beyqnd  the  limits  recommended  by  the  manufacturer,  you  should 
replace  them.  Lubricate  all  motor  bearings  according  to  the  directions  in  the  perti- 
nent service  manual.  ' 

The  successful  operation  of  motors  depends  to  p.  great  extent  on  the  proper  mainte- 
nance of  the  brushes.    Brushes  must  not  stick  lr,  the  brush  holders,  to  clean  brushes 
and  brush  holders,  wash  them  in  an  Air  Force -recommended  cleaner.  If  they  are 
caked  with  ai.v  hard' substance,  remove  it  by  sanding  the  brushes  with  fine  sandpaper 
glued  to  a  flat  piece  of  weed.  If  the  inside  of  a  brush  holder  shows  signs  of  roughness, 
U  should  also  be  sanded  smooth  before  the  brushes  are  replaced.   Remember  that 
brushed  should  be  replaced  before  they  wear  to  the  extent  that  the  copper  lead  connec  - 
tlona  are  in  danger  of  coming  in  contact  with  the  commutator  or  sliprlngs. 
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BLOWER  WHEELS.   Inspect  the  blower  wheel  for  proper  alignment  and  freedom  of 
rotation,  and  repair  bent  vanes.  Also  check  axial  clearance  to  insure  there  is  no  find- 
ing of  the  wheel  in  th6  scroll.  Axial  clearance  adjustment  is  made  by  relocating  the  po- 
sition of  the  shaft  thrust  collar.  *Total  axial  movement  of  the  shaft  after  final  adjust- 
ments should  be  Approximately  1/32  inch.  The  thrust  collar  is  locked  in  place  with  a 
thrust  coilar  setscrew.   If  the  thrust  washers  indicate  considerable  wear,  they/ should 
be  replaced.   Normally,  blower  shaft  sleeve  bearings  are  lubricated  with  oil,  while 
ball  bearings  are  grease -packed.  Grease  cups  are  usually  refilled  once  very  year. 
When  there  is  evidence  of  water  carryover,  reduce  the  blower  sdeed  so  that  the  volume 
of  the  air  delivered  does  not  exceed  the  designed  capacity  of  the  unit.   Surfaces  showing 
excessive  rusting  should  be  cleaned,  wire-brushed,  and  given  a  coat  of  rust -resistant 
paint.  ■ 

if  the  blower  is  driven  by  a  belt,  Inspect  the  belt  to  make  sure  that  it  is  not  worn, 
cracked,  or  frayed.    Check  it  for  proper  tension,  and  check  the  alignment  of  the 
pulleys.  The  belt  is  properly  adjusted  when  it  can  be  deflected  \/2  to  3/4  inch  from 
normal  position  without  undue  pressure  at  a  point  midway  betweh  the  pulleys. 

PLATFORMS  AND  STRUCTURES.   The  maintenance  and  repair  of  the  platforms 
and  structures  supporting  evaporative  pooling  units  should  be  performed  at  regulars 
intervals.  "Since  most  of  these  structures  are  constructed  of  dimensional  lumber,  each 
i*|rt  shouid  be  inspected  for  rot.  Check  the  service  ladder  and  the*rungs.  Also  check 
the  railing  for  sturdiness.  #■  , 

MAJOR  REPAIRS.  Major  repairs  and  renovation  of  evaporative  air  cooling  units 
snould  be  accomplished  during  the  winter  season  every  year,  At  bases  where  there 
are  a  great  many  units  to  maintain,  the  shop  space  should  be  sufficient  to  permit  prop- 
er repair  of  the  units.  Smaller  units  can  be  removed  from  their  platforms  and  taken 
into  the  shop  as  self-contained  units.    Since  large  units  are  not  readily  movable,  their 
component  parts  should  be  removed  to  the  shop.  All  units  should  be  dismantled  every 
year,  thoroughly  overhauled,  cleaned,  and  painted  to  prevent  rust.  It  is  best  that  fans 
be  dismantled  and  wheels  and  scrolls  cleaned  and  painted  both  inside  and  outside. 
Casings,  pad  frames,  eliminators,  water  makeup  pans  and  metal  structural  parts 
should  be  cleaned  and  painted.  Pads  should  be  replaced  as  required.  The  best  prac  - 
tlce  is  to  see  that  the  water  distributing  system  and  the  spray  pump  are  dismantled  and 
Inspected  for  cleanliness  or  excessive  impeller  wear.   Badly  worn  impellers  should 
be  replaced.  All  bearings  on  the  fans,  pumps,  and  motors  muse  be  cSaned,  checked 
for  wear,  and  replaced  when  necessary.  All  the  ball  bearings  should  be  repacked  with 
grease  and  the  sleeve  bearings  lubricated  with  oil  or  grease  as  necessary.  It  is  ap- 
proved practice  that  uuits,  when  repaired,  be  replaced  on  their  stands  and  thelr^air 
intake  louvers  suitably  covered  to  prevent  the  pads  and  the  equipment  from  becoming 
dust -laden.  -  * 


When  new  or  inactive  evaporative  air  cooling  units,  are  to  be  placed  in  service,  the 
Air  Installations  maintenance  personnel  perform  startup  Services  to  prepare  the  equip- 
ment for  operation.  Before  starting  the  equipment,  all  parts,  accessories,  and  equip- 
ment are  .inspected  to  seeHhat  they  are  secure  and  correctly. adjusted.  Seasonal  start- 
up la  usually  scheduled  well  ahead  of  the  time  the  equipment  is  to  be  used  to  allow  ample 
time  for  inspection  and  startup  services.  t 


rfj-x 


> 

Inspections  and  preventive  maintenance  services  are  designed  to  detect  and  cor- 
rect hidden  defects  in  equipipent  before  operation  becomes  unsatisfactory  or  major  fail- 
ures occur.  These  services  are  scheduled  tor  each  item  of  equipment  at  a  definite 
tine.  This  procedure  assures  that  each  unitMs  given  the  proper  care-  and  attention  as 
required/ 

QUESTIONS 

1.  What  is  preventive  maintenance?  1 

2.  ^  Who  is  responsible  for  the  inspection  and  service  of  evaporative  air  coolers? 

3.  How  should  an  evaporative  air  cooler  be  cared  for  during  the  winter  season? 

4.  What  maintenance  should  be  performed  on  filter  pads? 

5.  How  should  distribution  troughs  and  weirs  be  cleaned? 

6.  Whjttprocedur^s  Should  be  followed  in  the  maintenance  of  water  spray  nozzles? 

7.  What  checks  shoultfbe  made  on  the  water  makeup  float  valve? 

8.  What  maintenance  should  be  performed  on  water  circulating  pumps? 

9.  How  should  rust  spots  in  a  water  makeup  tank  be  reconditioned? 

10.  What  items  should  be  maintained  on  electric  motors? 

11.  What  maintenance  should  be  performed  on  blower  assemblies? 

12.  „  When  should  major  repairs  on  evaporative  air  coolers  be  performed? 

REFERENCES  » 

1.  AFM  85-18,  Maintenance  and  Operation  of  Refrigeration,  Air  Conditioning, 
Evaporative  Cooling  and  Mechanical  Ventilating  Systems 

2.  Modern  Refrigeration  and  Air  Conditioning,  Aithouse,  Turxiquiat,  Bracciand ■ 
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J&AJOR  COMPONENTS  OF  EVAPORATIVE  COOLERS 

•4 


OBJECTIVE 


Using  a  schematic,  identify  the  components  and  trace  the  flow  of  air  and  water  through 
the  evaporative  cooler. 

INSTRUCTIONS  , 

Match  the  numberf  on  the  diagram  below  with  the  proper  name  of  that  component. 


/ 


Figure  1#    Evaporative  Cooler 


Blower  Wheel 
Corner  Post 
Top  Pan 
Wfctor 
Bottom  Pan 
Blower  Housing 
Bleed  Cock 
Excelsior  Pad 
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Water  Distribution  Trough 
Water  Soaker 
Circulation  Pump 
Air  Reclrculator 
Front  Panel 
Lou-  ered  Frame 
Water  distributor 


Instructor 


ERIC 


WB  3ABR54  530-DC-1-P2 

P  REOPERATION 

~ '     AND  OPERATION  OF  EVAPORATIVE  COOLERS 

OBJECTIVE 

Using  the  evaporative  cooler,  perform  a  preoperational  check  and  operate  the  system. 

Note:   The  instructor  will  determine  whether  this  exercise  is 
performed  individually  or  by  groups. 

Follow  the  preoperational  checklist  below  and  answer  all  questions  in  the  spaces 
provided. 

1.    Check  source  of  power. 

Volts 


Will  the  unit  operate  if  power  is  applied?   

Check  cooling* unit  pads  for  sagging. 

What  material  is  normally  used  to  manufacture  cooling  pads 


3.  Check  circulation  pump  screen  for  obstructions. 

4.  Check  drive  motor  for  alignment  and  mounting. 

5.  Check  drive  belts  for  alignment  and  serviceability. 

6.  Connect  cooling  unit  to  water  supply. 

7.  Check  float  valve  operation, 

8.  Turn  water  on  and  check  pan  water  level. 

> 

Wh?t  should  the  water  level  be? 


9,  Connect  cooling  unit  to  power  source.  (CAUTION:  Insure  that  pow#r  is  off.  ) 
10.     Turn  unit  ON.    (CAUTION:  Stand  clear  of  supply  air  duct. ) 


ERIC 


Remove  *ide  panel  and  check  water  distribution. 

How  is  the  proper  wmter  distribution  maintained?  


Have  instructor  check  your  work. 
Turn  unit  OFF. 

Checked  by 

Instructor 
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COMMUNICATION  SECURITY 

OBJECTIVE 

Upon  completion  of  this  workbook  you  should  be  able  to: 

Determine  the  purpose  of  the  Air  Force  Security  Program. 

Identify  the  three  categories  of  security  classifications. 

Establish  the  requirements  for  being  granted  access  to  classified  material. 

Methods  of  handling  classified  material. 

Select  Air  Force  Regulation  that  outlines  procedures  for  handling  classified 
material. 

INSTRUCTIONS 

Complete  the  workbook  by  entering  the  correct  information  in  the  spaces  provided 

1.  •  * 


are 


the  three  categories  assigned  to  classified  material  in  their  order  of  importance. 

2     Information  or  material,  the  defense  aspect  of  which  is  paramount   and  the 
unauthorized  disclosure  of  which  could  result  in  exceptionally  grave  damage  to  the' 
nation  would  be  classified    ' 

3.     You  must  have  a  need  to  know,  be  deemed  trustworthy  anc  have 


prior  to  being  granted  access  to  classified  information. 


4.    Classified  information  handling  and  safeguarding  of  is  governed  bv  what 

* 

publication? 


5.     The  three  main  concerns  in  the  proper  handling  of  classified  ihformation  are; 


6.  Safeguarding  information  and  material  vital  to  the  welf;  *e  of  the  nation 
descrioes  what? 


er|c 


7.    A  person  must  have  been  granted  a 


for  access  to  Am  category  of  information  In- 


volved in  order  to  be  deemed  trustworthy. 

8.    Classified  material  can  be  destroyed  bv 


or 


to  pulp  by  or     the  presence  of 


designated  officials. 


( 


